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;. The signing of~the I,i m)ted ‘1’cst Ban ‘1’reuty in September
?:: 1903 mnrked t~y~.’ciosf! Of 14 Y@$~rrJof Utmo~P@ric’m.ucJeflr
‘. weupons WAing spread over nn ItI-year period. tJoweverf it
>.’: did not murk the end of a need for further information and
,x‘~~ interpret Wion of data concerniru.! the health aspects ofmuclcar

.:’:. weilpons testing, ”~ .qj -
;.

This jmmphlet ‘is concerned principally with’ th@~health
;..+ aspects of nticlear weapons testing in the; “atmpwh-.

“?’:”””-Nothing new idwcontained herein und much has been%nittcd
‘.:, for brevity. T.$&pamphlet doeu attempt to bring together the
, ‘“ highlights of o @rge bdy of htfcrmation and thus in some &mall
Y; way mn y amis~~, further enlightenment of a comple~su~ect~
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Fallout from nuclear ‘,:capo%a tests has been by f~r the
prirwiptd mwvnmdo source of radioactive environmental cnn-
taminntion. About 340 nuclear,detonntions in the’atmosphere,
by 811 nntions testirw, have been announced. ‘The total energy
release has been ubout%ll-millifln tons (MT) equivalent of TNT
with the U ,S.S.K tests accountmrr for about 70 percent of l.he

*

total.1 Included in this tital is @bout 193 million *P6 of -wrw
released by fission-the proceqp thut creotes the radioactive
flrbeion products present h fallout.’ Two n~.rdred million tons
of TNT cner~y equivalent would produce about 12 tons, by
wei~ht, of fkitm Product’debri?

The diwumion that followsljn section ‘1 attempt8 to sum.

marize an enormous anoun?l of dnta tmd to present some
evaluutk)li of the estimated ~ndintion exposures to permm
from radioactive fallout, ” Section II deals with; other health
aspects of nuclear weapons testing. - ‘&-

Thc information presented herein is intmded @ provide some
annwers I u t hrw basic” queptions concerrdnrr the testlnrr of
nuclour wonl)ons; ‘

1. Whn( nre the problems and possible rjsks associated with
nuclvnr weupons testing??

2, Whnl nro the data concerning effects from pant tents?
% W hnl do threw data mean-how serjoqs are the pomible

riBks?
With tllf’sc three questions in mind, the information for end}

henlth ;Ispert - such as whole body exposures-is presented
under t II ree subhendinrr% i.eL Bnckwound Information, The
Dntn, 811[1Evnluiltions,
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RADIATIONS ;- ;.
$:

A ‘-GENERAL BACKGROUND INFORMATION ~ ,;.

1. Na?tmrl Cackgrwnd ond Modicel Exposures
,,.

Ari fnr as ic known, man always has and ulwuys wiJl live in a;
environment” tilled with nuclear radation, There@~radi~,
active materials present naturally in the ground, the qea, and in:
the air, Cosmic rays bombard ua f~m ou@r apace, Naturally>
occurring radloacthw materials In our food supply irrMIlat# us
from within. --i

To these Ieyels of rudiation exposures are now added’thoze’
from fallout-but thege radiations (gamma rays and’beta par-;
titles) are nordifferent in kind f~m those emanating’ from:
natural sources. Nor in there any evidence that they produce:
any fundamentally different biological etYects, The radiation8
from naituralxources nnd from medical, induratrial, und scien-~
tlfic uses of. r@ioiraotopen and X-ray machinea, and’’their bi~~
cdogical eflectx, have been studied {intensively for mqny years?

To repeat, radjation ~xponures from fallout are in additjon to
those from natural sources but they are just that - additions of
more of the ssw,e type of radiation, Fallout has not introduced
a new nnd strange agvnt into our environment with completely:
unpredictable results. Indeed, a Committee of the NationaJ,
Academy of Sciences. National Rexearch Council haa stated:
41

.,. DespI@’ the existing Knps in our knowledge, it is abun-
dantly clear that radirition i~ by far tl)e bnrrt underetaxi en-
vironmental hazard . ,“ J

TABUt l.-B~dintlfm Expmurcc from Nntural Rarkwmnd
nnd Mdirnl $bwcc~

Natural h’arkgmund{mnuul vxpmurefi) Hwmlwav
Total .... ....... . ., ... .,, ., 0.086-0,20

Gamma ray~(from Ivrwnt rlal eourctk)and vosmic ra y8 0.1 (varieo).

l’otasdum 40 (illlert,ml) ,., 0018 lvorlrwl
(’JII)W 14..... .,. . 0.001

.M*dlruf Kr)luwvs
Chwl Xr8y (per ●xpoRj4r0) .,. !1.2

Bark X ray (per rxpoo II If, I .1. (14

I’hotorlwrourom (JWI I,XIIID*UIVI ... fobwr( 1): 20

I;u,,II,v IrIII rlitl.al merivr ..alw,)f !{(1,

1

.
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percent resulted from U .S.S.1{. tests. ‘i>his L,$lill wwrtiy ’rcleuw
is of UMO in uslimnting lhc wnouot of rnrbon 14 “prortucwt,
I nridentnlly, it is nssurnml thut the cfwlwn 14 is di#ribjtvd
njorc or Imtr uniformly r.rround the worlll. ,’

Tubk 2 :I!WI QIII’WN thnt d ti~@lf~~ nlillifJn tOnH ~nenry @Wi’JII
lent releasin~ fission products, about 161 rmlllon tufts were
scattered globdly,J Approximately two-thirds of this JJmount
originated from U.S,S.It. tents but will ncrount for ab?ut thrvv-
quarterrr of the Ionwterm fallout in thv United Staten because
of meteorological factorrs. Thin is bccnuse there will be mww
deposition in the North Temperate ZtmL~from n nuclefu’ detonli-
tion in the lower atmosphere at JJnortherly latitude than from
the saw n)wt at an equatorial site. Atmospheric tebts ut th~)
Nevada Test Site have contributed very little to the deposition
of long-lived radioisotopes but at times have been the” source of
relatively high amounts of short-lived radioactive materials in-
cluding iodine 181 jn the local environment. i -.

At the time of a nuclear detonation something like 200 ditTw’-
ent radioactive substances are formed by i}nsion. :Addkbni\l
ones are created by induced activity. Although theee mn-
teria]rr emit only radiations with whirh we rrre already famil.
iar-gamma ruyn and beta prwticlee - it appearn at flpt glance
to be almost an impossible tarrk to consider them indlvidutdly
and in the aggrc~atc for rm apprnisol of their hwdth haznrd.
Fortunately, for nn antdysia of the problem, most of the radio.
nuclides are of little health corrsequencerr becauae ~of their
short radioactive half.lives or other characterictIus such nti
being highly insoluble. In fact, k is possible to estimete the
radiation doserr to various organs of the Iwdy by cormjderinjc
only five principal radionuclideo in fnllout that arc depositwl
internally, i.e., iodine 131, strontium VO, ntrul~tium f19, cerdum
187 and carbon 14. TO these internnl dories there must )Jf!
added those to the whole budy due to the radiations from full
out mnterial outside the budy. T}ItI prdtlem of estimntin~
these latter rwiiation donea is a~nin ~irnplitled by consideri n~
first crwium 137 nnd then lumpin~ nll of the rern~injng ndi(,

nuclides together in the culcwlotif)ns.

B. WHOIE BODY EXPOSURES

Oocftgreund lnforrnotion

Fallout /JJIrtkltVi consisting of inert Itmtorinln together wit ii
the nsrwrinted rndionctive nl[iterinl~ setth. to IIILI earth’s YIII

face where Ilwst of th(, m remain un(l (IIIIS ll(,vt~r gel in~i(fe ,1111

bodies. ‘1’hm;($ Xtcrrl: (l, mnn fnfi(lp r(~(li,)f]{l(,}i(]. n, J)I,Mo\ !#I,
wil) )rt nfliolr t Ill, WI II, !(I I,,)dy IIS tlIoIr Iwltvllnlinl! MIIIIIIII:I

-.* I
L.. .
<’!.

rudiutions whilv ttwir short:v’ rnntre betn p~,rii~’les will CO]
tribute JI much less l~iolo~icnlly’ significant ex[ws{lre to the skq

0] the rwlivnuclidou thnt runtribule to ex 1(’liliil rudintiol
the moat in~por Lunlsirwlc ono in cesium IW. Itsrmiionctil
llnlf.lifo i~ npproximutely W yfwrs. ‘1’hu#, i( is pwible ff

renium 137 to rwnuin in our environment lot iui;g periwh !
time without losing much rJf its nctivity, ulthwlp.11 there can j
IOWJor reduction in nvuiltibility of the mnteriul tl~rough nor

?weatherin~ procewwn. Still venium 1V7 (tow have (t Bh

enough Iifv Ho thut most of the rudiationn wv r~iuased wit$
the Ilfelime of w rnnn.

All radiunctive mJiteriahI ill fnliout, except vv~iunl 137, WiJ~
rtrmwin outside the body may be conveniently 1~1roped toKet~
to estimute their cont~ibulion to extfrrnial expofiurea, Thq
usu@ly are cnllerl %hort.lived” over, thouuh sonle do have h~
Iivqrr of upwnrrls of ona yenrr In crpitu of th{, fuct that neat

LJll“’of the radiation exposure received frum LIWSO short-liq
radionuclidos is completed within a year &tft L>l’ the rodiort
clidep are crrated the totul nnlount of exp[)~~lre dllrinK q
yea~may be greater than t hot received from ccsiurn 137 with
W yearn. “i

(hsium 137 JJhio in Onv of the two (ctirboll 14 it! the ot~
pr{~eipul rndionuclides dopouitwl internally tlmt irrudi

h!th&wholc body. [t is rwt u mnjor w,urre of t hc tot~l w
rpd18tion dose except in such vatiurn as that [If Ksklmos w

1diet is Iartrely cnribou or reindeer meat The food ?h
(Iichen+nribou-llsk lmo) rvlh’ct~ the relntivc[; high surf!
con$aminntion of ceaiurn 137 m the Jicherw o
The’ooto ~

The hi@erJt whole IMIY exposuron from nu(’lonr wrmpj
tests ever reported by tlw IInitcrl Stntes wcro Itlmut 175 rv

!KWW 10 04 Marshallem f~dlvwing the Mw’ch 1, 19fi4 rrur >
nucleur te~t detonrttion III I II* Pacific Proviny Gruond,$ 7

4
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Iwlulw 3.- lton~elopvsr relurwd to their Iwmv inland Juno 1B67. ~lr!l~’tllf’l’n
were newly built by the U.S. (ioverliment.

itching of the skin (see section on Skin BXpO~ure below, ‘t”L’-

tion J“C pwre ~).

Also, there wvre definite changes in levels of blood c{,nsti.
tuents for months afterwards, The M tirshrille~e have bern ex-
amined by a tenm of physicians yenrly and to the present time
no statistical differencefi h~ve appenr’vd between them nnd the
“control” group for rruoh fnrtorn nH birth and deuth rutw llfr -
shortening, leukemia, cat8ructs or rnrdiovaecular, ierlhritlc,

ophkhnlmiv, or dentd deferts. ‘Thorv rnny be n SU~~(’SthJn uf

Krcntur inohlwwe d’ miwnrrlnl?r~ ond atillbirthu nnd m~m’

recent datrt Inditwte that there mny tw u lag in growth und
development nf the chihlron, but tlw Imuclty of vital #tIIt\NllrH
und the RIIInll tlllmhvrof per. wnsillv(,lv{’d preclude etdl’1(’rnlill”
natirm.

It was rcpnrtwl by tlw Japnnem I I)itt mrne Ild}ern](’11 tllu)nrd

a vessel nenr the Pacific l’rovin~(;ri}lll~d on the unnw dilt(’ I)l;ly
have received n IIiglwr exposure tll;iri the Marnhall(’s(’.’ t III,

of these fisher nl~’n dird on Septenll~(’1 ‘w!. 1964 of n liver (l!s(~r(ll’r
complicnled by lhe dev~lopnwr~t tit j;lundice and pm III niolli II ‘

The hij+ies’. vsti:*otod exl,ormr(’ III IIIIY individual 1111:11[t!{,
Nevud Ie ‘rest Silv W:IF l:L5 IOIIIIlr, II@ :11111tlIv ,IPYt ili,~i,,,l

10,5 ro{,lltlwll~ ‘1%[’ lli~(}lt’s! rJIIIII (,1,(1 4~YpIIRII ItI t! ;III} f VIII

6

.,:+?’
! .,. .,

leu-tes net,dildbie amounts),
In the cum+ of the I%kimw the hi~hent III~iIUIIIWl nmou 4

externally (iepusited cesium 187 In any indiillll~ni wari in J!
lWXL’” Thi? highest qunntity of cesium 13’; would prody~

dose rut? of about 1!)0 rnilliroentgens (0.1~) ruvll{gen) por ~
at the time of mensuren)ent,

/

The hitdl(’~1 ~verwre for’

group (Antiktwvuk I’ww! Alnnka) was IIINIII( tine.hu]f of,

value. Since cesium 137 contamination 01 1Iw Iiahens ~

uurfoce phenomenon VCVY littl~ is’ taker’ “II. ‘r’)m ‘h” ~
and the normal bio!o~icol time to remove 111111of any re

;Inwcenillm a~tivitY in tl~~ l){’{ly ’s OT~lyab’’tJ’ 1’)’1‘I’’ynor ‘)”
less, the annual dow nhould drop off in IWi I (~:,

\

—.
*A Ulllll. ,w!lllwll 1, IIII,JI(, 1!1:, ,( WIII!JI,!I. ;
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j C, SKIN EXPOSURES , ;;7,;

‘ w.,

3’ . . f ., *,,.,,

; ~erouti lnfofmtim t
“ “@dioo(tivi ftillout dolrri” emits IAII Pnrticlo”tiorne’yf whirl!a..

etyprgv from fnllout muteriul with suVh”ient r’l~nt.fqIn ~1ir t~}
.$:re@ch from t Iw ~rround to t}w hpsd of nn vrcct ItIII II.’-’”~OWM’I’r,

ir@uman tunuw the runiw d bktw buttt purticiuti i4i iitliitvd

‘$ prjpcipully to n very small fraction of nn inch no,th~t only LIIV+
~ ~~[n i6 irrll(liuted When f~llout” debrin is oulslde’ the IIIMIY!
~ Fg her, t)lere h~ been no observed skin dnnWW except frO1ll,.

r~ re qtivoly houvY fnllout where till’ rnditructivc fall~u} mi~tf’.

rial hns remitined in direct contact with the bime akin.
Even

+*,a: ingle layer of~cotton clu;!~ing nppurenlly wetrtly’re~lucc~
., t~u. radmtion dose from beta purticleti.
~: -?~pproxinlutely a 6(1() ~oent~~ dose delivered by betn w’.

,., tic]es from fullout debrlo to the’ bruw of the outer layer nf tlw.;,.

,~s~ tiseue ib reqqked~ produce twythemtt (reddening of thv

IWiljrtE 4u.-lllxhly rndh~nclive (nll~,ut matrttni rrn, ttln,d ItI <~III\III,I WI(II [1!8
$,. fert rtbuninuneverv rki?bJmmar!, TN ,1,,y, ,,r!,., ,,,,1, ”1 ,,,,,1:,,,,(

II:eli,,ll.
.<

8
.,,

t {
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W mik+ of ground zerrr where thvre wit~ I ~’ ‘1) “1*VY local

fallout from the burnta occurrin~ on tQW . .ww estjmMes
sumrest that the external whole body expom~rea lrr theao uwrw
areas ww.rlrl have been jtr excww of 76 nentKens’,f[f@@mm~
rays<ll ,}: ~,.:,.

The principal example of skin :Iomnge wns in the CaSO of the
Murshallese people foliowing Liw iwuvy fulluuL VII $&uwh 1,
1964.4 The most damagxrd areas were (a) in the ragion~ of hair
on tho heud (oiled), (b) folds of the moist bare skin” ~u~n as
the neck region uml inner elbow, mwl (c) tops of the feet where
tho fallout material remained in place (tlKs. 4a and 4b)i’ The
extent of skin damage to the must heavily exposed fFO~P maY
be uuumwrized as follows.

~ ,.:

46 individuals ..... ... superficial lesions
19 indivjduala ,,..,..,,deep Ierrirma ., ~~
6 individuals. ...... ..no leaiona ‘:’2 ~;. :—

Tokd. . .....s. ii4
<- -,

.. ,. i y
85 indjviduais (of

. .

the64 above) .........some degree of epihttlon ‘

Hair of normal color and texture has regrown’ wrd all lesions
have healed without visible efieota except for perma?lont loss
of pigment in tho healed areas in individuals apd some scar
ticsue behind tho ear of one mttn, msrkintr thq.’l~8t$I Of 8
previous deep lesion,

Additional cases of skin damage from fallout w;re ob- I
served on some Japanese fishermen ●board tho Ifukuryu kfartr
and some American service personnel on the Mand of
Rongerik as a result of the March 1, t 964 fallout;’ ‘Alao, four
men in charge of handling “hot” filtere from monkwlng air.
craft at the Pacific Testing Site in 1948 received eevwa beta
burrrs on tho hands. One additional case wss an Air ‘Force
otllcer in charge of transportation of radioactive samples from
the Pacific Proving Ground to the United Scatia inW51, A
iesion deveioped on his fcvehcwd MIMI dKiIL eyebrow region.
The damaged area showed normal repair procesees but the pre.
viousiy blnck i]rrir of the eyebrow was replaced by white huir
upon regrowttr.l~

There have been no known cnsrw of human beta bums at or
around the Nrvada Test Site.

Evalwrtiwr

Seriou~ skin damage can result if highly radioactive fallout
remains in direct contact with tlw skin, fJirnpie measureg nu~tl
as wanhing can br very effectivr in reduring thip haaarri - L,ItI
sooner the Wler. Skin darnagv has nol iwvrr observed except

10

- etimirmtod “i~yml,vling the criteria of ull rwcepl dlJII, whole body
..: exl)[)mur(., or COUIVW, hy twwwuliml from II I I i]i IIISI contnr\li-

imrur(j, yut JI rt’l;d ively high #kin doYo crrulll ;l~,rurnuiatv if
tiw fulhmt nmtt,rinl~ wvre not removed cprl}. ]

\
D. IODINE 131 \

Bockgrowrd hrformo!ion

AI~pr(Jvinlnloly (~.lh million curie (n “curio” r(,rlos!mrlt{n tt)

2.: miiliorl million (iisinlwrrutitmn of nuclui II(I minute) of,
io(iine 1:11arc proliuvd for each kiloton TNT VII(I I ruleqt of en..
ergy releurwd by Ihi.+im FIJI lIiIxe yiwhi ait’bu1.:..l,w~t(,f tl,o
iodine i$l IIiontr with other radiotrctive materillls will he swept ~
intu the upper ntmosphore (stratoapilere) @, sirl{e io#rre ttl :
has u hnlr.life of only eight days, n inr~ imr[ 1,1”Its activity:
will riecuy beforv being (iefmaited on the earth ( hI the other’
i]and, i~(iim’ I :11 thnt remains in the Iowe.r ut]nlmph~re, ttrc ~
trupurrphere, wlil iw (ieposited relatively rittiehIY II INI c~jr enter;
the food chtrin. . .

Milk in tho prinripnl route of entry of iodilw l:ti int(j the;
human body whore It is seitrctiveiy dopqitwl III the thyroi{i
~inrrd, ‘f’liv nwwrnptiun Is usually made tl)ilt w percent of:
ioulrre 1!31 inp(,stwl hy humanrr is tieposited i II I III, thyrnid nn
matter what lhc sizu of this organ may LW,W ‘1’IIUS, nn infant’s;
thyroid glumi of nhuut two grams weight wouhl rwoive 10 tirnus’
more radhMlon IIWIP thnn the 20 rrr~m adult’s I ily rwid for the
same unwunt of iodirw 131 ingWtOd, For llII,i t’tinatrn twi
cuintinrts of rn{iintiorl Iiusrw frnm iwilne 1:1i l’rII LIIO frenerrrl
population nrw k wed on thosrr for li}e infrml 1111Iler than tiw
adult,

Direct meauwrc ments of iodi;l~ 181 in rt}ilk wII Q not rtwwh.
around the Nevnd:l ‘rest Site fiurinrt earner I IIJII,k of trrstiwg
since It wus liw rwInvnRun uf srientiotc within 111111IIIItuldo tiw
AW ami (kvrrnnwnt nt that time tiwt the lill,itl,~j! factor wm
the potentinl vxt ernnt wiwde body rxpwurre. I [ Is IIOW rocox
nizwi thrrt tiwrv rnn be siturntlons where tiIoIO II IIIC IS I ex
pmwrv rnn hv moru iimitirrtr, An oxomple II ttlir wua IIIU
.Smrtlilmy surfnw simt wr July i4, ihf~u at I IIC ~~~,vwinTrwt
t4itv. ‘rhe <ielw)NlioII wwr Iarrw rnvwh toImIIiIIIIImimitiritnt
qwnntilim uf il!{line I:{i ijut tiur to it~ iuw r-uoi },:, yieid 111Pm’
Iivily wns nut tiwvpl Iu high nltitil(ivs to III ,11rId nwnj,
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diflutwd und dilwted us ha! orrurrwl for,lar~$r bura@ in th(,
nlmospheru. .@ * : ~

lho Data
~p;

‘1’hv hi~hcu[ nnnual averrtgv vnllw of iodine 1S1 meaxurt,d ill
tuilk hy th(, Public HealLh Swvirr nutiorud pet~rk (fig. 6) UI Nny
time wmi nt St. I.ouia, Me., for the pe~iad of August l!Jfi7
through Ju1y lMJi+M : The rnlwlittd aYWpKU tho wmi 1.fi
rmmtjwnn toin funle$ thyroidn bmwd un $~e.umtal Wwumption
of c;;ch drinhin~ onc Ikcr of milk pvr day-}he doiie h w ad,ilt
thyroid would be only about ‘It. us much. The next! highcnt
cdvulibted ttItitl iivmtge @w ww+ 0,00 ryenl+, etl +1~ JJ*JIUL.r,
Al~skn (octobvr 1001 throtttrh RqAwntwf:~(t62), and thw third
hIKhunt won o (;:1roent~n for Swlt Imke City, Utah (Septe~l]lwr
11)(;1tllrouuh August 1062). Bwvtusc of the unevenness of l)w
iodim” tlepwfiition nenr’ thu- NwndiI Teat site i~ io lttrx4blo tlmt
small IOCIIIt~rvnnmight show vIduoII 10 tl~~ or w UreMt#r IIWII
t ho nvvrn~w ftw tha gmwral rv~~i{m. It. fs”nlxo ptvthtihle thnl

hitc}wr levels of iodine” 181 thnn lheoe ●xlsted in heal trrown
wround thv Nvvuda ~~d Site durin~ p@~,,Q,C hatwy $e@tinK
in thv 1[MOW. *A

‘f%{, nbov{’ estimat8d doxee to thr thyroid inyotve some unwr.

. .

}.

I

tnintivn ill l}wir detmminatiou but are b-asedon some otmervwl
iwlirl[, 1:{1 Ivvdn in milk wunplvn. Theoret@l calculations of
thyluid domw Iiuvo been Wtwnpttid, bqd on other typcfi Of
!’ndiltl ion nwmittmi:,g cuch UH rollrrtirm of radioactive pnrlivu.
Intw in tho nir or meimrrvnwntn of radiation at three frrt
ni)ovo t hr t.rround from depouitod fallout, TO d~lu, ml]of I Iww.
JIA)NMIS m]tTvr severe uncwrl nitltien. T$ew monitorhl~ pro
WIIII rtw, eq~lil)ment and dnttl UN. unvftd for the purpmwn for
whi(ll lIIIJY wf, rf, intended. ‘1’11(,diffhwlty is in attwnpLilor 10
uHe ww tylw 10 predict anollwr in it qua~titative way,
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U$ mwc “IAlmM9@*ca ~“ripbwnmo *
, , YI{;UBE & i OUUMIM;, sampie of milk r,,, ldll~~$\~’ Thcp~du@l?q!!i!,k ~ ‘W!,;

ad dmpk. -the milk ic nwrcly peu~ into ● plwtic euetsine$ i
nndml m!olhemwnler. III contralb<bnulynia o(mllktorelrtnn.

>? i:’~

Lium w wuy require week, lncludl~piuchemlcd pIWWBlinfb ~
d the sumpie, ,. .,, ,

,%@ ,< m
+.-*.,

nures thot have hitherto Ijeen (,ot)ni{]ere~ of prime int~rcst for
,’

f,”
hjcfil fallout, Howcver,theto(a] ljoten$Jai (l,,s8s tbat I)ll~ybu ~~ ‘
accruml wili re(luire thv drinkin~ of the milk over pcrimlk uf
wvokn. Up404:We tochnlquefi Id oquipmont now permit ii .7”, :
rcinlivt.ly easy nnd onr’ly rfllrvvill(;nrc oflodiftv ]8] in !Ilo milk ‘ ‘“

“ suppiy providing an opfwrtunily for @r@ever actiop may be
oppruprinlv (Figure 0). ,’. t

*’?

E, S~RONVUM 90 AND STRONTIUM @9

Background Irdermatien ,’

WontitJm W ha~ rr hulf-lifv of nbout W yesru, 1118 fivlvr.
I

tiveiy deposited in t}w Imnwh (:homicaiiy it is related to cnl. ?
cium. ‘J’)Ii8 similnrit.y km Ie(l to tile use uf the “Wwlit iu m
uflit” +flt)efi nri unc pirwurir (2. !2 [iisintetrrwtions per minut c)
of sttuljtitJni $)() {,-Y ~rr;)nl or ,.;]lri,lnl.

Strorttiunt !){) IItiIy IWII)I III, :ls~twiutcll wittl foodstlllrs by
!+{~rf(t(f. cfjntnfttttitlt Il)t! of 1)111111 : IJI lIy uplnkt. of 1))(. RLJ’11111i\llu

14

I

very anwll nrnounts are takmt up from tlw st~il.) Areua o!’~
htravier roinfuil connintenlly riht$v higher lrVISISU! :strontwu fm.

!‘~”Milk is on!: of thebentindicators of strontilllll !IOin tho fow..i
auppiy, yet nt L)m sarue time it iti one of tlw I,,!I I(,r nourcos o~q

I

calcium, Remember it is not junL the nmou!)( I)( strontium ttI,
that is irnpnrtwlt hut rdno how Inuvh therr i I\I ~+ent in rel~
tion to cw’vium, 1u fart the totrd diet has huIl rIJIIdIly 1,5 timoq
~ KYOutn ~trwttium iWcalrium rwtio as {iid IIIIil$:IhIIIU,le

Strmttium HOhon the sume chemical iwrwol! I I,; IIN suwntitt;; I
w and will foliow the same met!, bolic Jm(hs I I is rretttecl \

I

much Inrrwr qunntitiee than strontium 1)0II(II I)l(,ducen iem N
a prrtidvw ●incr it ha n nhurtwhalf.lifti (W (!! YS) and emi!
beta porticlefi with about one-half the crwll,.v (,1”Liitwmfrou
strontiu.nl ~~1~ml its dwrhtcr produr% l:,!~ ~Iwne rttnaoo
the ntrontmm 80 conteot in milk muy pfmk nt . :IIIIIW ninny tirw’
that of irtruntium W durink Lhc porjods }n]ln(,(lilltuly followjp
nucicor Wtn, yet tlw totni rwdiuthm Ihw i II \ II(, bono over ~
iifetiuw frum tftn)utium H!)nifty 1)~’only W)+I,II! [,,r or less ltm
thot 0( nttwlltillln fl(l.~ ,.

me Dam
Ah,w! ‘!f~ milli,,ll rulit’y III wtrtlll!ltllt~ WI III Iwn rroutv I

by utnwwdwrir IIUriIIIIr lenl~ with IAIIII! I lllion curifm n
this brinw ~prwul wluhully. ‘Nut ottwr J 111111011wtrlen fw
quirkly i!) ttrwtp loud IU thv (!wliny WIIIY I,1 111110,rough

fi+ miiiim vurhw of IftrOnLllllJl 1~0hnvv IJIWII ,1.,l,,xited globu[:~
ieaving n mdruiotwl Omiliion rurie8 iu tiw rI ,’I!II Of the dtlw
phero twiuw IW,IW ferl ikrmfed m rm’IIn~II I II, I,tIls usint(!nl
m’nft ntul Imlloons) ~: with wmw utiditivtml v 1,1,111111+above t,iI
Ieki,ll Th(, diffclepuncy in lotol nun)hvw IIUV in P4:$ ‘
rmlifdo~irul du(rlty of ntrurltiultt IN bui nl,~l \,, 11!1%1,of Ulu’o

i. :.-,.,*,,
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and should forctc]! lcse. hr the brews than wedic~d,’ 1nci.

dentally, the amount of stronLiun] vo in the milk praducet!
around the Nevada Test Sitq;ls umorwr thr? lowest in the
country. , .- ,,., <.

In mncral, pact predictions of levels of strontium 00 in bones
httve beerr too hiwh. Thiz is due in uurt to the eelertion d duta
in the upper ran”t& LOIwohf untforcstimations of radiation ex-
Poeure. Even so, it is ramsrkablo that the observed amounts
of strontium Ml in bones have been withht about a fnctor of
two of thtI predicted amaunte considering the f@ct th~L *UVII
predictions require the: application of many Bcientlfic dk
ciplines - nucieer physjcs, meteorology, chemistry, “plnnt and
animal physiology, et.e.-often.to new situations.

That eetrntent of the U,S, poptdotlon whose bones wUI receive
the highew radiation do~ are ehlldrwn barn’ ht 19M in retdon~
Of heavier rahtfdli The total rwiiation exposure to W sea chil-
dren-from internally depdtad ●s well as exterrwl redlorw
clidea -hae been iwedirted w b. ~buut 4tK mjllhentgens (0.40S
roentgen) ●ccumulated overa 70.yenr period, t

Svotuotlm *-

The predicted average 70.yeer radiation doea to the bones
uf the age group rereiving the highcnt exposure from all past
test* -ebout 466 mjlliroeptgens (0,466 roentgen) from all radio.
active mderielt wiLhin and outshlo the body-is ebout five
percent of the bone dose reeaived during thesame 7t)-year
period from natural background cources.

F, CARDON 14

&ck@round hrkmotion

$?

Carbon 14 is produced naturally by lptaraction of cosmic
rays with the nitrogen in the atmosphere, Although its radio.
active half-iife is long-6760 yearw - the praeem of natural
production had been going on for much a great time thtrt the
rate of production and rate of decity were in equiiihrium, i,e,,

just aa much is formed each yaar UBdecays away, untii nucleur
test detonations were initiated. T)lcre is a constant exchangv
Of t’arbul, 14 ntoms IMween the n! mmpirere nnd the rmrfare
of tlir oar%}]nn thvOIICbond, txnd (IJOdcc.prrco;lr~~jrtt)l,. (~t]lpl,

;.-”” ‘-

~ —–—

,’m,.’ J.

!. ~.t -:

.$~.;., , ~ :t’ .,...
.,

I with }hv Iuttvr col).tituling w rivwrvoir hohJinb~:,1 1,,1 W per:.
.- .1 ‘f- ; % cent’ofthe n[,,nIs.

,, Nuc~enr dr~~,nnti,,lw con UIW} i~rodmw rnrll,,ll I t I,Y inltil
>. -..’. . , nction of tlw. nWlrIIIIN prwlurwl UL the timt, IIti 1III ,,xld(~sio!,,
... ‘) with nitrog, tn ot’ 1IIV i~tmospl?ere. Apprnxil[l~l[<,l }1)() ,,,,j~; ,

10IIU of told }J(JIII liwd in tiw ~~ir [surfwx LIUI.I. ,“ :li)(ll(

one-half vf llIo n$’lil runs mto ttw Krounci) will Ill, )) it sun,
.4:“ ricnt anwullt IIf c~irlwll IA to twunl the amount ,1!.,:l)<IIIY W,

,’,. . ; ent in th$lt IWM of (Iw earth’s biosphere thili ,I:,lvrnline
.;,. “, : radiation rxposuw w mun. Huwevcr, half if this III, .YIY.IIddo:

.’.. : curbon 14 “disoppvaw “ into ttw deep owun wi(lj)lt nl~mt l;’:*.,, ., ~k’%’~+ yeurs.lc onv.httit” vf that rwnilinirt~ in the atmrrnlilll’w lticmvi~~.
“disappears” in thu fdluwing 33 ycurs, until only :! I IIW IW~lI

1. ●’ j , r.amoin”
,.,, .’;!.. ;,. ,

Radioartivv inotolms utt chwriwdly+imila] t[I I IIvir stab~(
counterpnrl~ no tilnt not nnly is ~tatile t@w/1 b~ti d ;-u Swlp+”
14 founrf in iiil iiviug cells. TiIuo, althqtt?h carllflli II wrdta ~
batu” partk’h> of very low enoruy timt travrln II > ~,I\ dwrb

disttytce it n werthclcss irradiates emmtjally tht,u lIole bod[
at a rate of Oppr{)xinmtely rrrw milliroenttre.n (tI.:111I rncntgerq
per year. This in tiw nutu,rul lmc~grot+np ratv f,J) r~iriloo I !

Thewe l,,

Since nurlear wenpons testing @tw’@d 611 milli,))l IImH tetu
energy yieid hove been released. CortAd6rinu tlILI wndition
of firing (nurfuce versus @ir bursts) JLtIou;the daillu IIwunt I.
carbon’14 was produced from 811psot taste ●o is lwrmally WW.
ent’ht that part of the wwth’s biosphare that delerminos rudio.
tion expanure to man. Aexuming that.moot of LIIC t’~lrbon 14
produced hy the detonation will “disappear” into tilu IIIW vcen,
with a huif.time of 33 year$, the ustimn$ed whnk 1111,1\I,XPOSVIQ
for 70 years is 87 miliiroentsenc (0.087 roentfren) ‘

After this 70-yvnr period the daae rata from t,, I1,IJprnduc{,~
carbon l) will h niwut owe-quwter of thut III :11~~turt, I.(’.
about one-quarter of one miliiraentgon (000025 I o,l)tgen) pII
yaar, Thereafter, the act)vity wlil parei$t for I Il,,usnnda Ii
yewe but nt ever {irweweirtg ieveis, ~

Evaiv@en

The radiation exposure from carbon 14 mns mwunt +
roughly one-third of U)e totai rndiation dow fr(,l}l (I!lirwt. ov
the mrxt 70 ymw. Because of iM long rudhhr i(,: I hnif.lli
itwill ircrwiat mtiow levels of nctivity for thwsl! IIIIS Of yew
However, even before the 70-year period Is conjl,lvl,.ii the dos
rete from carbon 14 wili be no low a. to IW nl:~; t,,etmurebi
~h~s dam JNI1 numll that the radiotion b not “~} ~ ‘“hlt it ~i

,:

I
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, ‘, be minuscule compared to nnturul tmcknotmd hwelw Or eVVn h,
. nurmtd variations of biwkgroumi raditrthm.

X: G. WATER AND ~AJR

‘ Barkgrevnd Infennatbn~
;&,W*:,

Contamination of water suppiics does not wrntitutc Mmtior
1~$~source of intake of radioactive fnltout dauris. Jn the rune $)(
‘.-? surface w~ter supplies there in u very large dilution f~l~’lt~r,

Jn the cane rrf underground niwlea? detonations the frssiwt
&. products are rerntricted iarge]y to tho immediate vicinity of
. :.,. the detonutiwr due principally to two ‘factorn. ~irntly, for
‘$$i underground shots to dab approximately ~ percent of ttl~’
‘: fission products have beerr fixed in n’glazsy type of mnterini

‘k formed by the dctomttion. %condly, iorr frxrhanw’ irvtwren
~-’ such key flsslon preductc ac strontium W and cesium 137,
~~. turd thr soil rcawltcd in almost 1111of the rf,malnlng uctivity
u bcirw n[i~orbcd within a matter of Wrhups tens to hundred#

‘$$ of feet WVtty from the SOUrCe,$o In addition w fission prod
~;; ucts, tritium may be formed in varying amounts. ‘Thin rttdi~.-<..

isotopo probably- h not greutly infltmued by the two fnetww
mentioned and must depend uijon the dilution factor for t’u-
duction of the concentration in the wnmr- atleast for und~r.
ground detonations. For above ground or cratarimt ehut.$,
the tritium largely escapes into the:,atmosphere where very
large dilutions uccur, Theoretical calculatiorm aug~est il
may bo possible for relatively high concentration of tritium
to be preuent in the amount of water immediately surroundin~
ground zero of some underground nuclear detonation IV*I

Mmential ta predicting potential contamination of ~round
water is the determination of the water movement. ‘f’he most
satisfactory method of obtaining the necessary IJntu for this
prcdictwn in b! (Iriiling opf?raLiuIlrr, Althrr\t~h the~o nrt, f,,.
pensive operatwnn they are cnrried on extenaivrly nt thr
testing site8.
Alf

As long ns thefniiout mnterial from atmonphtwic tests r{,.
mains in the air some may be itlhaled and irrudiatr the lun~m.
Thin rmiintion [Ionv to the Iungn normally in loss than rxternnl
whole body exposure occurrinr ufter the fniiout hnn IWPII II I,.
posited on lL.J ground Ahro ill , rneral, itlhnintloll iq IIrIIy H
minor contributor 10 the intak[, t}: fNllout debris intu 1))(,lwdy
ingwtion in tho much more imlwrtnnt rout{,.

Tl]e whole IMIY will mino rwwivv some VXImUIW fIIII II ttIIO

prnelrntinK ~nmmn riiyrI whilv tl]v fnilout I)lntorlul Is III t II(I

18

.A:
“i

..!
,.

.

‘i i
---

.,.. ....:
5,

‘.Y

,....t

.

,.

air, but this dmw will USUUIIYbe small conl,);~r~’li!(, lhe exposure”
Lhac follows uftrr the debris ix tJeposite\i 011t)lv Kround. HQwj
ever, this rot if, of doses mny not hold f~lr CV!’111K where mOSZ
of the rudionrtivity thtU cnvupeu beyonli tlw (vs[ site ia in tht
frwm of trunex or linely suspended part iriv: :‘ I ~ we confined,
to a rvinlivvly shniluw Iuyvr of uir near tlw IJIIII :JIW.

Mennurementn of totni fuiiuut uctivitj III ,1ii {called gros..
betacuunts) provi(i(’ only ;* rrudc alvrtiv s:,:;!IIIn, It it no:’
a ;eiieilic prorcdure for pJWJicLing the nm{~uI It nr fuilcmt L(!
be depouited nor the timuunt of iodhte 131 in Itliik.t: JJecaus~;
of the trunsltury nature of tile fallout dvhris ~(,mninin~ in tht!
air land sometimes becau1114of Lho lJUlti(’lll!ll Ulwiw of unils
used in exprenniwr k~concentration) WhnL 111~11round itk~ w
aiarmirudy Itwe rmruunt mny. in fuct, rlw]llt In only ndno~
radiation deem

lhe Owe

Wamv

J

The hivlwxt mwsured fallout activity in will I“! WIWULllppe~
Pahrnrtntrnt I,ukti, Nev., in 11)66amountinK t,, WI*I millionth II!
a curit per Iiter,$’ Sinco this was B totnl Kruss hrtn count it Ii
difirtitt to give JI preciue uutimatit of ttw l,(,(v(~tiid radinti(u~
dote. A crude nnalysis muruests that if tilix wnler hd bMI~
stored nnd uned as a sole 1JUPPI%for 70 ww r~ tho total dom
might be about one roentwm to the ~NIIWH IIIl[i one.quartei
roenttran each to the thyroid and lower Iarur i Ilteatine. ~

No rodiwwtive fiaaion products nor iIIduuP~l IN>(Ivitiex hwiu(l:
‘MM tritium from underxroumi tests havp twv!l Imind in umiuc
ground water supplies at plnces of humnrl c~,lls{lmption. ~
@

The highcnt rormentrntion of radinartiw. (iIbI in in the air I;
a populated rwen n17-site(cxrept for tho Mor!l!~;!llww expwirmy
wllerv nletmurcnrento were rondo only nfter t !)(, pnnfingeof t b{
cinud) WUEubuut 1.:1utiilhlllth d acurv i,i’~’[[il~i~ nrctcr u’:1’l’
IIged over the 24 hours tho activity WINI I)riIL.I’ IIt,II ‘Thiu Imp
pened ut % (kwrtre, UtIIi I, on MBy i!). l~l~I:! ‘i’im estinmt~,i
rndiwtiol) donr to the IUIILW front inh~h,(i IUJII III lvhrin wori Irl
than 0.2 roenttren.l$ The rxtrrnal wholo IMII; rxpoauro t’ron
the fniioul whih’ it WIM etlli in the tiir wit% i,, i~illy o~timfitw
to he 0,1YJ5rfxwl,uen - oniy nbout l~ooul’tlIr ,\ I II, IC,lmi,s oxpww II

thui urvurred oflwr dvponitimr of the fnli(,tll



~“ Much; lesj ratiloective faptt debris enters the body by in- ,
“halation than by ingaation.*Whlh’ the debris is in the air out- .~;
sjde the body the radiation exposure is muck Iesa‘than after P
thtr material has been depositwdon the ground with the Poarible

p~ption of certain aitua~onp noted ●bove: .,, ..
-:ij:j
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Sd@eund hfermotto. >.& ,,,’

Diruct bhwt wuve~ th@ ‘are potentially dwuw lli~ are @
fined % the immediu~:’~sting site ..areus. (~lld~,r cer$!
meteorological romlitlo~,+ howc vur, ”bl~t wnVV~ !NnY be
fractcd (bent) irum tin u~per aLmoapJ@c icw! L:ick to i
earth% and thus crentq$ higher air W!NVS tll~ll) wou!d’
mcpac@ *t t hvw distancaa. .:

One,layer in whirh thiihnay hap~~ls betw~~)l) ~6,tJooM
.50,000 feet altitude whom’ winds”rnaycawse n l[)cuiin~ eff
at come %0-50 milt’s @nr ‘the point”o~ detonn[ iot!. 14 ftt
the blaat wave may bq relatedly ’@@A frot!l (ho KWV
and bent back from the’ a$monirhera cragtlng a writ’s of regtj

spaced puiwlb of focus @t $hc cm’th’t surface wit}} iljtervenl
**$Ilo@~ spaces, Such’~ ~ffcct Jq psulted iII mirror “W
tural:damaire, such ~:~aking of Wlrrdows, 7f} tu 100 nti
ftwtp the point of detonation @tthe Ntiada ‘MI Sile w (~.

A eimller efTect is obtained when bhet waves IIII! bent:fr
s iaysr of Attively wg~m uir~ catlcdrthe o~om)hore;:=
hclght of i10 to 80 miloi, “The point Of($rui ?PIII) II LI)lhe$~
in thla cace is 7(1to 1S0 m{les from the buret.

‘Thore may ire e return of mound wsves frl)l]~ w] dtit!
above 00 miies (iomwphcrv). Meet of thi~ blm[ I, IIWrKY i8
so~b.d, however, resulting jn no recorded stru r LuItd dfima
[n eeme cams audible’sharp rmcks ●rtd pops hi,! CIbon hea

Procedure. and equipment have now beet) dvv~lopad
pre’diet with greeter accuracy the magnitude ul!,l Iirtwtlofl
ttteae refracted blast wnvou.

, ,
The-

Although the blast wave decreaeea Jn ●rwrm’ with eaeh o
ceding refraction beck w the earth’s surface, ~here has bf
breakage O( windows on a second “atrlke” at :’t+~mile? fr
only a 17 thousnnd tm (TNT eqnlva{ewrt) nucl,,:ir twlrreio
(All toirether shout $50,000 has been traid for utrL)ri urd dent{
cleims from nli Ieata ●t the Nuvad@ Teat Sit:,, ) ‘f’hmre iII

‘-4 ~’
. .
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Fll;Ullk: 7.- A df,wnlm?II Ims Vows win{l,,\, mhowmghowIII* IFISMWI1811,1,k(,(l
ml LV thv rnrpfnv!im we!.c, I ntlwr than WIdml in IV IIIV walt
I,re.ni,sn WIUVVreaultinu from the Nmwnbgr I, IWII. nurknr 11,.I
Ibt ttlt. StWIh41t!rrl~ .Nite.

been no ~ignitlcrmt structured damages from refracted blnr!t
wuvtw dncc UOOI1 prwllctive nwth!)ds have bem rlevelnpvd

There hnn IWFII IIO known raue of direct i~ury to mnII ,Ir
animals from thr rcfrncted biost wovwr.
kduotkm

The prc{liriiv{) lImccdureH devvl(tpwi resuilwi in gtt,(tlly
n]toio\i7.in~ oil’ Hil(, {Innuigo from lIIIIrrl t4Tw,tn. Ill r.wt, (11!1
ilovv IIWIII IIIIIY illf’i(lent~ or siIIIIlf, WIIItlIIWH Iwing d:l:IIJII, ~,ll

ninco IWLI ‘l”wII IIrI,llttIIIi ill l!t~fI 111111:1liIIrd in lUfi7
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permu.
rtt were looking
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?.

,, ‘J:>;~ , 3!
promptly WI enrrgy ill the vinitrlu Id]t region+.!wuuu~; o
thin atmosphere. Z’ I’rincipully for t,:is reaeon,hsuch hi~h ~ltl. .$

, tmfo zietonatirrns rhJ not pre.wnt n serious hazard for eye”
atre. Detcmationp ocrurrinx ut Ieuser altitudes encottutw more ;?:

,. atmo~phtrre, where there arc grwtlvr opporlunitw$ fur idler- .-
1, action o? the bomb ziebria with the air, resuttfntr in a ~euter,’~~

,~~ fraction of thetotal energy nppearinR tte prompt visible li~ht. q
.’ Detwmtions bvlow about 00 milen ettrr produce sutlh%nt ~

wergy in the visible li;:ht region to be u potentiol eY@hazurd “:*.:$
~ if they ort’wr nbove the horizon and ure viewed’tlireetly. Ex- ~~$j

per[enr~ at Hiroshima and Na~rzsnki WWW that i.,,
,,1 zpt eYtt In.1ury would be trxpectud only if 01

irectly at the tlrebnll. Thin applies only to’(the in9tant of’~
burst. lf the detonation occurs below the horizon, tire hratant :+PL@, .
of high thermal energy rehmae is p~t LIOfOrethe fi~baii ~~+-,~~~,x~j

{ rices into view. under thesv conditions hunfan reflexes of 3
; blhtkhzg or turrtlng away shuuld fttrthqr hWUP WtfUtY# J ‘ ‘‘-

..::~;,j , ,.
m

>;, .
:, Jhe D@@ .F,!

&

$,-j
,:,.,,
b There have been no reeorded permanent :@ye injuries to ‘,,, .%~i bwr% fi.-timelnl hitrh’der&j “” @’worn h> ol$.rvtq QWWIWw ~
~ persons ofT.site, althou~h a few indivlduala rt~fw the Nevada ‘~~y * “, ● qt rtrhl M wfIlw with’~1 co#@I

: Test WW have eomplahred of temporary qye impairment. % ‘1.<” :
‘“”d “’i%

but whoha. turnedriw~yfmrn thw diracliv!, IIt burtit, This pi

The burst from a 1.4 million tons rietonntion-thst took piace ‘;*W L- c~duwit .CVMWaefp~yktlnc II,?w ,, u rstlwUn?M?

‘ over Johnston lsiand in the f’acific on July 9,”1902 at an aiti-
ttircctly in Vlaw;i:

:’&”., . . ,,::?. ,’, .,’(4,

‘ tude of about 2S0 miles wu viewed directly, under njghttime : F
..~.

*~~4;&
,:! .’,’: ;T}<

. conditions by thousands in the Hawaiian @ktds yrfthout ,WY.,.W‘, other mm’s visual acuity foliowed a slmilur pattern stwrth
any rqrorted eye injury. ...-”... .,. ; “’~ at 20/400 in both eyes’~n the area of retinnl dumage urui WI,

six militury personnei participating in nuclear weaporta !~.;~~$h: ‘;::~ ‘>in the adacent aIWUX~
..:$

“;3Tmaq recovered tow/60add W/fiu:

tests have received eye injury -only one of whfch resulted hr ~~“’“~-i , a month, and at ww year ister to 2W40 VII IIne ey* and ‘W

a aevoro vlsttal hrtndicam$z,I* The iatter individual “sneaked” -~;~ :@+” .‘“% in the other in the areaa of mmary twtinol dIImntTtc~
a view over htn ieft aho-uider at the time of the detonation re- .*$’ ~~.~ -+~+,,<

suiting in s reduction of 20/20 vision to 20/1~ in his ieft eye. 3 t$.
It did not improve with time, His right eye sppurently wao ~ ‘Ii ‘“

+&

shieided by his nose and retained its 20/20 visual acuity,n “?’ ;$
(Values such as 2W1OOrepresent the abillty of the eye to read ?7“;’-i: ~ ~+
standard ietters anti characters at 20 feet that a normal eye ‘“- : o‘
could read at 100 feet. 20/400 is generally interpreted ss ~ %
legal biindnem,) ~ ,4

Two miljtary pereonnei at Johnston [gland participating in .
the h~gh altitude tents in 1902 aioo received ●ye Injury, lm. $: , ,%

1:
‘$’

mediately nfter the exnoeurej the vimrai acuity of both eyes of ,
one man dropped 10 20/400 ftrr the area of primary retinai ?,
injury ttnd 20/100 for adjacent areas rff the rethta, This man’s ~
visuni acuity recoverrvi 10 20/30 in one eye and 20/40 in tile
other rrbout urre month Inter, nn{i 10 W/2b in both t!yes about a

..!

year ufterwnrds in thv ortw vI” primury retinai diimngI+. ‘1’Iw

24

Experimental rabbits weti’%xposud unti!,r lii~httime cnru
thmn to the high aititutie s~ot on Atttrunt 1, I !Ihl - n rfeturmti,
in the megaton rantfe at an’sititude of nhml II{ ml~e$, lmsiq
witil difzmettm of about 600 microns W*II{ ,Ibaervuri out
346 milern-the fartheut distancp at which r!l~:l:!tnwere cxpoat

Evalvalion
NuciPar dettrnatiorm in the yieid rringe !c>\,,Il o!Ter no ~erlo

hawtr!i~ to the eyo when they are nt vor.s ~1d! oitiUrdW, e
above i5tl mileo, or beiow the horizon nl [ III il]~hmt of hur
Detonations in the lower atmrwpheru uiw(i III not bo view
dirwrtly tvitimut the aid of spvcial hi~ll 11111.:LY trogglfm (F

tzre H), f)nst precautionary procetiuron ~J~{ !Iwing highwu
●nd nir Inn+w near the teatlng sil.es U1 t III* t ill:,,f. C?b!ir~ls ho
added to khu safety in reqwt to potclllilll , .r dmnutw. T
provwiuree irlno were useful In prvvenlltll: I ,Irivw or pi
bvin~ nhtrtimt while in motion.
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t’;. lnten~~ in the p,B{ble ~fl~~t, “f nuclear detonation on tl]~’

. ~,. ‘weather fdl intg tw~ chaaes; one, direct effects because of tilv
‘:. v*..: @nCFQVnlex, and two,triggering effects. ‘he latter ‘m?”tn

* dtl+.. be (a) s catalytlc effect from the frartlcles thrown Intrr
the ●tmosphere (aortwthhtg skin to c)oud seeding with silver

,,iodide crystals), (b) a change In the electrical conduetjvity of
; ‘ ~~+”’theair slrrce radjoac$jve debris contains chartred P~fiicleR~ MI~

* (c) ● reduction of solar energy received on earth uwin~ tf~ the

.’;
i
.,$
. .

i

,,:].

,T.. ...

I ‘1

;,,.

~uantity of duet thrown in~ the atmoavhere ,,,
,~ ..

nree ,,.

The concltwjons ef~many studies and experinmnt~ of these
possible effects are best presented in reference:sl”

1. “, , , The energy of even s thermonuclear ex.
ploeion I* small when compared to most Iartwocule
weather proceseew Moreover, it is known that much
of this ener~ Is expended hr ways that cannot directly
●ffect the atmoc hw’w Even the frtrctjon of the enerW’

~which Is direct added to the utmosphero M nrhid
In a rather irte cient manner from the’ atend olnt

!of affectjn the weather. Meteoroloti@ts and v herb
tacquahrta with the problem are readily willing to

dlamiao the poeaibll{ty that the energy releaed W
the exrdusiona .aarr have any important direct effect
on I he weather proceaae~, . ,“

2, “’. . . The debris whwh has been thrown wp into
the atmosphere by ant detonations was found to h~

(i-’in: fl~ctiva as a C1OUaedimr agent. . .“
, The rtmwnt of ionization produced by the

rad”iouckivemate~al is insignificant in affecting genernl
st~~~pheric condltiona , . ,“

, Dust thrown into the air b pact VOICDIIO
r!eru’ptjo~s decrea~ed the direct soiar ra iation received

at the ground by aa much as 10-20 percent, The
contamination of the atmosphere b pnst nuclear tests

/’hus not produced any. rnuwwrub w drxreame in tlw
amount of dhwrct wtnlqrht, received at the eurth’s
twrfrme. Thrre is a poasilIIlity thnt a series of ex.
plosiona designed for the maximum etlfrielicy ill
throwing debrj8 into the upper wtmos here nlig}l(
rrimriflcantl~ aftect Ithe rirdmtjon tore ved nt Ilw
wound , , ,’

The volume of material ejected by Krakatoa volcanic mul,tiorl
in lfW3 was approtrlrnately 13 cufrir miles with an w:t!mulwi
orre.third of the vo}umc beiw spread worldwide.’? ‘1’IIIR w
suited in n diminution nf the amount of .Iinlight rcr{~lvwl !,n (1){,
~round,~l

M

““7 .,,.
,,,:,,,. I,,
.; t.. /1

~~rra crude cvmfrariaan, l}te 10.4 million ton+ ‘1’?JTequjvalerrt~
n~clear detonation on October 81, lftfi2 t-mthe ihl.liuj of E)ugelabi

(in’~e Pacific left @crater of ubaut one mile in Jiamew wtdj
170 foct rhwp nt its npcx. Assuming onn!, rrntlvcly thati

‘the crater was a ritrht anttle Con@●nd that uII of the debria~
:~-i thrown into the atmosphe~~ i.e., none o[ t Ile deprnssto~j

‘“:w- caueed by co!npreasiont it” is Wimatid that aboutWWOO;

I
:milllon tats TNT ●quivalent of ~vrfaee detonations w@d bO

.~requirod to eject ap ~mourrt of du~t into the attl!l~sl~herQ,,~@va.,
! lent of Krakatoa.’ “. ...- .—
‘ TFollowing lar& nuclear det.onationa In the I ‘UC I tlc ml~or anrl~

temporary weather chantrea h%ve bvun olmer~ id, such w local{
f cloud formation eometimes with local prcci IIi tntion,’~.wher~
‘the moisture cond~ttomain the ●tmosphere ~r,, l!io~t t’svorablel
;ifo~thin ethet, {, ,,\r .,

~~L$~-~emost imiuajvt ●valuative statement IUN~ICary @nd W/

-:”-,,p,mnc~a 81 ~d &

%

,.,.. !
,,.(\

;, V>*,., No eta~atically aigrdtlcant aiIunKwI in #the ii‘. 7
:::+’ weather during the first tat;yc&re of tlw I{tomic:’y ;,;
J“W‘ihBve bean found, yet carsftl physical all,ll}~ia QF,5Ie

k~4kcto of nuclosr expioalorta on the ●tmo~phere ~uat ~,1
~+ ~ be made if we am w obtain ● definite evaluiltmrr of.tbia

,v problam, Although It in not pmaible to vrove $hat ‘{
,,~ ; nuclerjr ~ lo~~n~ have or have nOt i,] I!,]onc~d.the ,;
/.”. rwenthur, i in believed that such all 111~,ct i~ tin. ,J

: :,y+ ‘Wr:)y ? . .“ (1966).
●lthough there hu” been much speculation I~, ! ab&’t ~he influence of atomic tatting on wuul.her. there ‘i

,, *till tippearw to be no addltirmrrl evidl IiVII cug~st. *
~~ lng u wurse aod eflect rclrmlonahlp . . .“ I I !MI). ,,, ‘j

$,. ,1

,:

0, GROUNO MOllwS - 6ARTHQIJARE5 +; ~;j

~ ~~
,,>

‘ ‘A wide variety of factorsdetwnine both till, xround’&thm~
and structural reqwnsee from nuclear detonll! IOIM i.e., energy
yields of the detonationti, diatancc frnm Rrvl, ill zeru, d~pttr of
the shot rtml depth of merrsurement, ml : II! Iwtutw of thq
ground (Iuml rock, ek%). “Competent” rn,,l ~,ich as grurrltq
coupleri and transmits more energy into mcip~,f:(ground weveq
than does alluvlum-a noncohesive scdi: II i,tary ‘deprreltl
Although grownd wave8 will be more rnpidl 10atrrbad in ab
Iuvhrm, it is possible for waves to tr~vel prr 1) I,stmcwalon~
the aurfncc with relatively lnr~e ●mplit IIileM(t t,, unt f,f mrrtion)
if Lh(, oll~lviunt iu very titirk. However, ti, f , ti~rfwe wave{
dje 001 ropilliy with the depth into th~~YIOUIIII (Iwmuae of th{

2?

I i/

\
..;

,7C
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above ftictura, it is’ nuce~~amy 10 uIIiLiYZe {litdl’%U{h@$krr Jr]’
‘predicting potrniiric”grpund’moti{~ns unti structural rgsp:-’!lx,e$.,

~nc way to express th~S@twt* O( I.rmimi motion is:in umta .
“ “ This refere to thd:aceeleratiut] that u fr@dY~f@iiin$r

:‘&fyg’experiences on rrarth~%e., 32 feet P@r$erond ch~ge In
“x%e~oeity for CMCII Second’t$tiat the ameierntion Oc+$l AU a ‘.
~$-+ie “Of thumb “-the ttiw;holri Of rrround @ion ‘$h~t’”‘ay[ ‘‘
“<W perceptible to humontr is wrwtiwusundtij (’/wM) of a “%”

‘ “?Ground motirrn~ cB~, be ~entuated Ut higher pi!Jces, ,. ,,8&$h.ua ,
‘&dl buikiinge. ‘:- :;
- “AS another “ruie’rrf thumb;’ cme-lvllti~ of u “tr’’’irrf~e&ntiy

“::~:ac:epted @ the criteriort~~or threshold of iwoperty. damrvre.
;’;2 However, this is b~d on”:damwe from eartiwuak~~ Bnd Pros-~ ~.
‘-~ @rit datit ahmv thratscicm&rrtveu trew”rnted by nucl@ar detona-
‘.”: tlorts ami chemical high ”expiosives r@~uit in Je?s d~rnagln~ ~
1: ●@ccta than would @a prtrdfcfeti frrr ttw wrme pwk acceleration

- )$frem an earthquake. P&of thiu dil%?rence mf?Y !~djrr the
‘‘% fact that ground motions @om earthqunkee persist fO@,lr.rW@r
:~p@od of time for each sli~k. Also, there are repeated sh~k~. :

‘li” ‘“’t caee’”
Thus, striletures are subjected tQ more dtrma#-

} ,ing effects,becauee” of the number of uhocks and qwW,dur~
tlon of eneh shock than’”would be th(l case for the”sqme Peak ~
acceieratiorr experienced aa a recult of ground mo~io~~ronr an

i urrclcrground nuclear expiosion. +;,

‘ “’ Shrce nuclear detorWiorts produce mmund motion;i’lt has
: beerr apeculsted that they,,may “triwer” a natural earthquake!

11 is not pmsible to have a rruturnl earthquake, t~wever,
‘:, without prior storage of strain eaer~y -a process that Occurs

over a period of years. ~R would be necessary to conduct an
etrpiosion scverai milec” deep in an earthquake suaceptiblcr

: area to bwrrear e vone where the strcm might be ~~ pnoutrh
for an incipient queke w be trigjrercd.~ ,“:.,,

The responrru of structures to rnrthquakes baa been the
subject of stutiy for many years anti satisfactory procedures
have been rkvcioped for dcsiun of RIructurwn to withstand the

.’ effectrt of earthquakes. However, ill these cases the hrterest
is in si~nifrcient Nructural damrr~e, rnther than piaster cr8ck-
ing or othqr minor e~ects, In the crrneof underground nuclear
expiosionrr the site is seiected with n})frt y in mind so that strut

,. lures outside thu test area wiil not ordinarily be subjected to
:; grounri motkms of more thnn mill} nmplitude, ‘l’he pus.

slbiiity that Ijrrht dnmege Jnny rvsuit, therefore, must be
conaiderwd.

Tfn Oela
The mwrirnum rrrrwe at which nriqmir WUII{W from ti]t, IUIF.

etrt nurdeer dotonalifm to fiolf’ III I IW ,N(’vII~iII ‘rent Sito rrrw

‘2a

.... ..
4’ “

—. — ..= -—

‘ %?” Records of ground motio<~ra now availabie for mNIIY undf,~; .:,.

$&., ~T< ~und Trucieur sxpioaiorm.ct Anal yses of data and u]Iplirmtit.r

w@?&: of tmphy~ical pfincipies ~.waultine in a steady iwjlt WC. .. . .
Yv: in mett@a of ppdiction of ~und motiong for nl~nrwd eveht

M*

,. 1Since ground motions from pndergrour~d nrreleur exploshrl
“ ●re dithrent in rrome rea~’from these from an (,nrlhqus~~

LA<t ,..~. and there iO a mzed to predict nuwginal dwnage tU slYUUtL

e+ {X%,“-for@t expiosiens a now’appropch ia rqrrired. VW analy~i

F

.. ,’.:.. cal p~dtrreu for struct~rrd rrvponse:generall y ore v#i

/
~ $ snd ~cm: ~ ~pplied, ~dftionai diract” test inform ntioo~I

“$$%” dcveio}ed, eenservatl~estirnates Qf the effocbi mp~~
tdred and i- being acqu@ed by the ~EC. Until wore da(

* ,j<.
.~L$ ~~math by comparison with’$damaae which might ile Qxp-,_

b
. .$$$$mv,!~ mm@ @mPiituder# Pund mWien in an ,u~th~~k

F

.,, . ,...?.
,~.i;j7* -’.~,+:. .;;
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The decision W ronduct nuclear werwons 1c8[s for the defen
of our country WM mnde St the highest Iw’(11of our (;ovet
ment. The Atomic Enerwy commission WiIH lllnr~cd with t
reaprmnlbility for vorrying out the progrnm. ‘I”IW AEC soug

nnfi foll,owed the best Bflvica’ both from within und Wt+ide t
GUY!@tenqin the conduct of new und pote!ll IUIIY h~zardo

uperaLitinui TIItr recurd, mesummauizpl tibu~(,, must. r.p QRiiI
itself M’ tu potential rinkx incurred to the puldi(” in the ful~
ment of a mieeion osnentiol to ntttioual serlirity,

of ~l~”the )wtdth nsIwota of nuclear wvoIwIIL~ tvn(ing, that

rutJiatlon’ Q poeuro has received the grcntcw[ attention.
1as the ‘Ihttaand their evtduatjon given uhwr imlicnte, thf

hae baeq a .~e~ativaly low degree of risk owociitted with PI
atmospherbx tests (except for the fallout III I I iw Marahtdh
A the Jnparte!e fhhormen), then why IMU :Ii,wbveu so mq
concerrt uxpressed? There are probabiy sevcrul reasons.

Firttl~, whereas the potential radlatiou (,FIWRIIWS are 01
a very emull frtrction of those received (t (1111mtlurrd bm
~nund;aources, they are, of course, oddi/i,,)(((l omountn.

Secondly, ‘hr the abeenca of positivu III ot, ( othorwim ~
prudw$ maumption i~ aceepWi that for vvvry sm~li incremq
of radiation’ exposure there is n cwespofldl[w inrrcmont
biolotrioal @fleet(“lineur” concept)- rather 1h~lii (III’ “t hresho[
concept whom a eertuin total radiation d,]w l,lu~th recoiy
before irreparable damage occurs. Bawd 1111t Iilm OIId ON
aemtmptiona, admissible theoretical cslculuti(, nx cnn be MO
aa ta the potentiul number of ~entrtic 11111(n[i~~lm, of CM
of iuukernhh ste, thtft eauld rtwuit from I Itl I(JIIt. TIIIY Iin!
concept leads rbrdomatically to tht eituutil,ll ~I f therr being”
rhsrp dividing Ilne below which there in ,wtlpl~te sufoty a
above Yhich ther~ in @srrioue hazard, Ito(li+llior] prfwwtl
guides; therefore, muut be Wfved on HOIItI {Idditionql bq
an nutml next.

Thirdly, there hac been w ,e rni.wrtwprw! III Wn Of W rad
t.iun protection guide~. The uw of the lit!{, , I rwwopt Ieav

little choice for dwiving redintiot( protoctioll 1:IIIdes, h:. -thq
must be u ba!alwinK of thfi “’bermftte” 11111II I~mlI’d from a
atomic ●nergy program, whether It be f,)! 1,l! Inal pomwth



...
i

‘tilwrswmns or ‘~atiortrd de fcvweiyatrainst th@risk~’
exposure). Obvlotraly, thin is an exceedingly complex un@ II

: part, subjective process. * ‘: ~ &F“>.

h spito of thece ditlicullieti this bdsnchg of Iwn[!fi!s fron

:%%’: “ ‘‘ &

normal peacetime operations against risks h8n bum purf
~~by ths FedersliRndiation Council (k’RC). reaultiw in t)~~~&

Wcomrnendintr radiation protection @ides for this II
“: ,, In a letter of August 17, li162 to the Jtri’” CQmmitte~ on ALoyi~&$:~

Enerrm, Consrress of tho UnlWd stat-i$”the ~R~ c~... .
further thoir~pblished Guidtm; ,:.. ~s-
I

.,
,,

4!

the~yGuides were ori nallyf~developcd for

i
fa ~l~cation” SIS guidelhres for t e protection of rndi~-

ton workere snd the enerd pubhc egafnst. exPOslJr@*
which mighk result t&ht~ %rornrrd paacctwne oy@yw
thwm’ in connection with t e industrial use of Ion zlnK
radiation .’,. . the term %or?ttrtl peacetime W@ion~’
referred specifically to the’ peaceful ‘SPPilcntlons of
nuclear Wchnolo~ whew the ~rim~ry control is
placed on the den gn and use o the source. Since
numerica@hset in the Guides w$re desit?ned fOr the

necossitycetso low that tge~ger%ttk o~ Rmwre 11
regulation: of u continuin htdwt iWhe were of

can be considered to fall we}l t in Ievtl$ of @xPoWre
acceptable ‘for a lifetime. ~~Ftsrtherntere, tO Pr9v~de
the m~xlmum mnr~n of asfety, the+uppor limits of
Range 1( were related to the lowest possible level at

k’
which it was believed that’nuclear In twtrird technol-
ogy covld be developed . . .“ ‘~$ ;

,, 1.
“}uidea developed primarily for tree by h@rstrY ifl re~tricthtgf~ ~~-..?~ .fl~~”

its releases of radioactive efthrenta w tho fmnerrd environment’!~ .“, t
outside the!r controlled nrww are, of course, very materially, ?;::$

lower than thoee that might corretittrte ● eerious health h~za~.:~ .{i.:.&
A fourth reaaon why concern has bqrl expressed abott~~4 ‘,” ,{ .&,

health risks from fallout may lie in the atva of carmal rcdatioq-., ~ .: ● , ~%
ahip~, i.e., the identjfyin~ or tumeisting Of Iurcleur tests W~$&’ ‘“ ~ “(~:

nuclear war. There rr.uy have been established in the minds o!+ ~
some thnt nuclear weapons terttng snd nuclear wnr KO tmnd-i~ “’
hand, i,e., the first axiomntlcaily leads to “the swoml A d~~;

i ‘:?:
j ,.

cussion of causal relationships in ba~on~ the SVOP~ Of ~hia~
booklet, yet one point must be made. “ ,,+ .

... ‘; ‘;”
An a mrrtter of techni~’nl fact, nuclear wwrpfm~ of provon

performwrce would not II uve been Wsoiblc without the hwting
of nuclear device~ rrrrd t)w verfylng of nuclenr r,lncrq)ln that
were incorporated into t)wir desl~n. Whatever protvvt ion wg
enjoy from our nuclear nt+enal resdts frow 8 K{(N)pilv of teeti
fwoven nlivlrar wonpons, Iwt 8 stockpilu of (lt’n\rilll/ Imard
sketr}ws.
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‘ A?WJDIX

SAFETY PUOCEDUUES Al THE NUCLEA~

TESTING SITES

{
~NEVADA TEST SITE :

Gerund
The wllvty progrnmx &prl prowdurw ,Iwwribwl I.IcIo!

in row durintr Mmo$phrmie test$int thu .Nvvndo Twrt Site.
thu aiicnin~ oPthe Limited Tent tlnn ‘1’rvitty ementlnill
tlmtie pl,oowtis remaih in etTeuL, but uvtwrrrlly ut u q
level, thun providing for @continumrfl monitoring of ~
and the cnvircmment for documentary purpesee, and!
an-e of n nucdeux of well trained porw.rnllrl (liIG }0 ‘

The heulth ml sufety of personn WM the m~or rofi
$ion in the original aelecthm of the Nt’vudo Te~t Site ~
ewrtinutw to be of paramount importrulcv during the q
of nurhwr tests. An exhaustive senrr II .,varr made Iruf”
Nevadn rute wan xelnrtid MSthe mn~( sllitnbte rrrw

I)nally cnntained 600 square mileti (Iulvr expanded w
l$!W aqrmro miles) adjacent 10 the U .S AW Force G~
Ralure of 4,WU equare milee. For purpuw of’ generrd ~
as well as security, the TestSite wne and rontinuee to bq
to the public. Safety of perwnnel wan UIId ia further Q
by aeriol and eurface errrveys mtide pri. r to ench drr~
to determine that no one had wnndcrcd it)to We rwco.

Beyond these controlled arerrs or? wide oxpmsed of Q!
populated land, providing optimim ron(ii(mns for nminti
of safety. Although the arm isquite *l}nrsely pqrwlq
irrdividud resident has been ~vrn full rl,lmidorfitiorr, {

tirm monitors hnve been present durilix I imtw of tostil
there huve been occsmionawhen remklet,t. hove IJtren d
for a dny or co to Insure fully ttwir sai,, t~. I’ereons rel
have rwwiverl finenclnl remunrrntloll for uuah movq
There hnv~ rtlso been orcssiont WI(CWImc;unu hWVObee$
to remnin indoors fnr n few hourK Ii, r(,luco the rndivtiw
nlthouull the nut.uf-door exposllrt, WIII,III Ilnve lIOYIi fq
hnznrdo,ls,

Refmw vnch nnd evrry Imclvm IIVII, IIA(M at ttw h
Tl,w Silv, WI Advirnwy [’rind of viltt,l:.OVIKIIIIdmref~
(If 1)11,f;,! II)rn (Ijat in*lltwi *iif!,t} {)11iljf. Imnvl Mt,ra
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~Du~nt,*d arerw. Metetrroiokixtti predicted ,lu\\i)winu tra- i

“&t.aries, pr@ciPitwtion tmd other fqctors whirh could sflect j
‘ ‘Ie;eht of iwliout! The dwta from the weather stlllion~ were ;

Cqt’rantiy Uvuilublv {Jl!mst up &u the ekrwt tii,]c of the shot. ~

A’detonation co~ld be ~ance”led at nny time UP ~u II f@w ~cond~ ~
~forc shot time. A more complete description)}ill themeteor-

.%~ogwal program is given below.
~~<To inn,xe 6afetY to airvrafl, both from the Ini( ml flaeh of ~
light. nnd any radioactivity in the alr masu Illovinu off-cite’ Y
from atmosphmc tests, n rcqmerrentative of the Fvderal Aviu- /

., ti~n Agency WaS made an intm~al pan Of the ‘i’~sLfWani=. .:
,tip He :Jrepard flight ttdvisnry plwrs bzzed m the type of ‘
‘ aver$ and on the predicted rrfbtercdogical ru)ld)tionz, The ~
plsn delineated flitthtputternz and areas and rwcwnmendetl::
alturnrtte rouws, If required, by commcrcird iiIttI ijriva~ ah’ ,
crfi Frequently the FAA clooetl qrecific air Inrws qttd ~ i
routed aircraft ror tqrecifietl periods.
2Blaet etTectu wera minimized by prodictinlr bluttt wsve h- ~

t,qtsities irrtned on the wind and temperature IIroIik wqrtwted. ;
a@shot time. Since long dititonce i)hwt prwuru pqpag~,~
t(ert ia swontdaf dependent on wind profile cd)rwlure, ualct&.!’

; intjons were made for many directions wul ~li}tancm frotq’~
t~e test rrite wfrcre ponsible window dama~v IIli), ht have oc.’ ~

‘ curred. In order W improve Mast calculatioli tdmiqutrm, a ,i
rtgtwork of especially ;szsitive microbaroKraplls WM operat~:?
at u ttutny as 17 of?-site locations to rword Nrtual sbo!.pr- :;
dttced pressures in Nevada, Califomi8 and LIt{th. It waa’ !
rarely neceouary h) recomnlenri u delay in II t iw time ●oW’~
because of predicted blast ?tTects since MOIVIUIOKM condl- j
tions unfavorabl~’ for fal}out twwally were ~11,, linfuvorably

for blaet.
.3.: Full oR+riw radiolottirwl monitnrimt w}vor,i,, was Wnd in t
.7. -

$entntlvvtr from the fields of publ}c health, medk]ne, rnUIet,r.
oloqy, frdlnw phenontenolo~y, Mast and thermal effect+. etc
.4$ n rcsull or thtvw deliberwlions more than ?@ delfi) . II; tirrng
hnve twen Inn III. trt a cost of ntilliwts of dollars, !0 III. I !. s;,ir{,,
The Advis!~r\ i’nnel colltittllt,s to function for u!;,i+~ C! \ I,)
tv*lu.

Tlw l~rlnt,[,l,l vtuuw f,II th, dthyr wiIt {he r, , ::r, ~, -
1$)1 pt~,lwr W,,lllllvr oq,l,qli{j,,l, 1,, ir,~tl,t III III I!T,,I., ., ,

provided hy the U.S. ‘Public Health scrvk:~ ::Ill(r u Memo

randum of Afrreement with the [J.S. Atomi, l~tlergy Cortt. \
mission. There were ●nd nro extensive mor,i t~~U(tig progtrtmm :
including mobile monitoring teams, film bad~, +, L~I”twnwierc? !
●trtamatic gammn recrrrdem, collections of IIlllh, vegetation. !
wril, etc. A more complete description of tilt w l,rotrrtunri h
given below. All of the key data obtained fro),) t It,we monitor. ~
irw programs wero oml are reported in the ,111,11 Iitertiturti
such as the Attrmic Envrgy Commhlon”rn SI III, lnnunl (IIOW ~
●nnual) rolwrttr tu (%ngrcm nmf thr U.S. l’ul IliL !Irdth .Svtv

kth nmnlhly putrlicrNion, l(odtologir~{( //wi/~} ~~fl!!,i. Au e.4 ,
lensive public illfo( nltitioi] pro~rum by t}w L“.’ l’,blJc Ilunlt) ,
%rrvire evntinuw nround tho Nevndn TrYI ‘:! I fix. tI)h

:{$
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Waatfw Wedweae
.,.

The Weather Bureau Jtesaareh Stntion was star@d in lWiO
to study intensively tho meterolon of the Nevad@ Test Site.
in late lWi7 the station beeame responsible for provkfhut mw
terologicrJ support far nuclear weapons teetw Prior w thew
dates this function was performed hy the Air Weather Service
of the U.S. Air Force. The Weather Bureau *tation at the .Nc.
vadu Test Site received all of the atmospheric sounding Inftm.
mation taken every six hours by the etations shown on the
map (fig. 11), and most of the hooriy and slx.hourly weather
information produced in the entiw United States, Canada,
Mexico and eastern Pacific Ocean. In addition. therew e
and are some ‘M wind, t?Otempernturw, and 18 precipitntiml
meaeuring stations heated on the Test Site. Ten of the wind
and three of the temperature sta! mns that reflect mtior ter
ruin tdbett! ut and near the NCVMI;LTest !3itr provhied telem
etere[i information for use just III )I,r to mild immediately fd
iowin~ Oarh Wuolenr {ietunn(iol!

36

W-J \ ..
.. ~.
i,s Tba Mercury Weather Station made s tfaiiy atuJ\of tho
} tvaathor conditions ovrr the Nevalin Test SW nnd i,livirenn,

uai~af[ ●vailal le hwnl information ●nd twevnluwtiilk: ~~tnlyaen
furnished by means of fweintile from the t?~tiottw :.\,t~rtdog-
ival, Cater (NM~) al Sui]iand, Md, Thc ia!tvr t’ Iit{.r pror.

37
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pllWRE ]2. - ‘rhe Wt.8Lh.r8$ali”n St 1!,,. Ncv~aTe#c gjls”f$d. ra,l(,r.,,I,W~V@r

IJMIIOOIIM to tho UIIIMV “tnwnphere to chmck on temj,rrnturv,.
IIVW poims, humidity IIINI U,IId vdorilwa, The rwlor t 1,,,kanp
innlr!aw,nt on top ,11Ih~,“letIon rharw wind v?I,,{,!,,,. ,,T,,I
rlirortwr la.

emed nioat northern hemisphou, datti, much Vf it ILIII(,L rIJII

icdy, ad usd the fauteal nml most modern terhniil~t,,q ill

prmlurink forrcimt charts of tlII. Iurgr SCOIO feultlro< ,11 IIIV

ollnosphrriv rirrulation. ‘l’h{, hlvrcur.v ntutiorr, hnvllil, I,I,Ir,S
10(’111infwmntion and fhp lwtI~ItII of nllInerO~~ .I ,,,1,, ,,1
iurIIl Il]{ltl,rologi(,lil” conditions, I!Il,IustMl Ilw NMC itlf,,l 111111ii,!)
to mnkv f!]r(,ull~l,! l]nvin~ LIIV Ilil,li:,g! IIIN Iitl(. OCCuV{I~ i (,,1 ‘,’I’Y

w

,,1
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instruments (fig. 18), chamber survey instruments, falioq~twys. }
and’ additional air samplera and recordcrd. Erich .ve~jc~.w~ -
equipped wt;I two-way voice radio rommu nietttiOn#~t!”’
number of teams used for each event wae determined ‘W ad.
vtmce by tire predicted radiolo~cttl sitwatiom however~velo
ten teams was the umtai number depioyed. Up to 20 teams
could be organizeti within a short timt’, but wore not nQr?lIa~lY,
maintained on a standby ba~is. ~,,;:.: .,,..:

Mobjle ground monitorht~ tesms nw stili m~intained’”on,a
standby basis and used when needed, .’i. -: .
Alr Smdlm . . .. .

.: .

.

ji)if< portiotmbwgiort. ,~:

... .? All charcoal cartridges, und any glans Ptbrr ftitmw wi&j’,~~

-- . .. .
There were nnd are W permanent iiir oampiing stations in the Test 8ii.e and to m nu$ny am 1,ti~l~~P~r*onB ~ilJrinK w r@~tl~,

operation 94 hours per day in the uwn surrounding &eNTS operation. Presentiy there ure about ~~ iocal ioll~ witi! $om
at d!stmnmmun to I&lflmile- difltnnmr. $800 wraw wetwhw film bmlueo. Film badges werf’ W! a ~r------- ..---.., .. --- ...---- . .. .. ...- .

The air sami)hrrs uwd rue high volllme unite, drawing air coilocted; and promowvi munthiy! In lllb evaut th;ll radl~.i
through an W x 10’’glare fiber filter (fiv. 14). When deemed de. activity warn found in IIIP nroa by the nwhiio nwnitorinr lt’nhl$$i

simbiv, n riccontinr, octlvntc,l charmwl c~rtritluo iti added for Ilirn bad~e~ weru colltwted from lhrwv Iooatlww ~]lil fron~
the coliortiou of pauootn fimion prmilirts. Flow r~tee are ap. peopiu living in tiw nrt .!; new Ilim bIIdUOM werv fiiht rll,llto&r

proxirnutely 60 cuhir for.{ lmr nlinut(, ~{,f,ni,) f,lr the g]as~ fiber A~itiilitmcd stntioun wId pv@P wwrv illllwiwl if tlw ~itu:{tlr2
.1

fliter alone nnd 2!5 c.f,nt, will) thv (l):, rronl rortridgc Rtidcd. r4wluirtrtJ mvro rxlennivv umttit (wing.

4[)
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Uh”lvaawan! arwa W*W # -> ‘ ““’o”

‘ qOIJV lc+.-(hllwlon ~f water asmple nc~ the NOY ml@~@~, ?J
‘“> ;.”” pew thrattb tWvke Prmmwlj

. .

$

$
;& ‘, ,;,~~ ,:;;::::;+:

,. , “: %*.. ~;$+d$
+’&elPrlnv ‘ ,. ,:,

“Milk samplea were and rtre collected routinely one time per
month within the S00 mile radius of the N’@, from ●pproxi.
mately 25 sources, including all dairlea and: come additional
ranches having one milk cow, In the event @at radioactivity
waa found in any area additional sampivs we
on a dai!y basis.

,j~ coliectad’@err
;.,

w- la@91 r

Water ~amples were nnd are in wnrrul collected monthly
from approximately 90 sources (fig. I ‘). There were no known
surface suppljes for human use in thv Om-~itOarea except ff)r

Lake Mead,

Researck
h support rrf the operational proccrfurm described drove h

aasure safety to the public, there w~rr I.ml are extensive basir
and applied research studies conductrw in tuch fieids rw me.
twOi?~, hydroio~y, nml ground motion. Thtrse were and are
aacornpiished trY (n) cmperation witi} other (government rrtreo.
citia including tho [1,)3. Wr2rrtller liiitr III, 11.S. l’uidic iirJi\lllI
Service. IJ % (;l,,)lOl~il,ll)Hurvey, 11,S HII I 111111of Mituw Knd II R

,:-..,.

. .

,,

..*’
(lruat’ and?~dotic Survvy, (b) contracta with C(mSUltI{, x t,l-

‘;geniaations*ouch a$ ROIWId ~, Beer% IIIC.t Aiex:lndrin. \’0,,
Hazeiton.Nuclear ihienrl” Corporation, Palo A11o, (’nlil.. ILIKI

1 !~o]mes$&~~er, Irrc,, Los Angeies, Crdif,, and (i-) inrll L.l~i(1III
“‘?&nsuitantk.-

~~-The @jai annual expendltuw for the opratiolla~ ~1,,1 ,~,.
%-arch st@es directed Urwrrra safety at the Nevuda Te~{ :1 ie
‘-%p~rrentiy<,bover $8 miiiion. .,:
i“ In addi~ont there were and are numerouo prouramn ct~~ri{)d
w on’ u. par&of the laboratories’ scientific effort that hIt\IC a
‘~~a~n~ ~ ~stiety rrnd contribute greatly to tho basic uII(ICr

,. #‘$x~ndim OM of the earliest and most valuable were L}10~e

3JonvI~nm@tai’ studleo condutid by the ~partment of II io.
wkphysict ‘kn# Nuclear Medicine, University of California Medical
‘%kttool, ~’ Angeie% flpl~f. A]~, in MrIy IW8 E n=~ ~!(:!(!gy

.@)i~on q~thoLmvrence Radiatjon Laboratory at Liver more,
..$ahf., waq formed with one of Its prime miasirrns to in.c;::i.

~ @e probqm~ deaiirw directly wtd indiraatly withradionct i Ye

: .#@iOU$,?#.~Sli~ rtJioiodhre.
,,, ,..

. :’.
;+

,,
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I . ;’” SAFETY PROCEDURES AT THE NUCIEAlj JEW##$ SITES
::+‘

j~~
P~CIFICTEST SITES #lfl

1.:’ United States atmospheric ntwlwtr tests ‘w’erc:held in ths
Pacific at Bikini (1046, 1064, ltNJ6 and lWrfl), Eniw@k (lt14t3,

/;&
1961, lWL 1954, 1966 and ifhW, John#ton Jshtnd.Nlf.M&tttnd

l’~ 1662) trnrl Christmas Jslund (1962), These remot%&es were
“,

Awkl nfter extensive setwch for poosibi~ “ttrattw’ here the
tests could be rondtrctetl nnfely.

. #

To conduct atmospheric nucl~ar wenports teste ltt’f~s Pacific,
Joint Tafik Forces have been organjzed eonslstin~ ~f desirr.
natal pmonnel from U.S, hlilitary fhvicec and AECJ; A Corn.
martder for each Joint Tufik Forco wna cho~en from’ one of the
three Milltary Services with a Dtrputy from etteh of the other
two. The technical programs have been tbndq$p civilian
l!eientiflc Deputy, ,, .<4.,

1n ench ~erien nn exclusion arcw WIIS declared around the
test islonds for the purpose of wnrnirtw air traMq~and ships
(fig. lfit, Notification of Iocotionn of theaa areas ●nd times
that th~, re~trirtjons were ill cITcct were mide by hcuanw of
Noticw+ toAirmen through the Fvdvrnl Aviation Agency and
Notices to Mariners through the Commwder.in (3tJef of the
Central J’acifjc Fleet, T)Ie Depurtnwnt of Defense, State De.
pnrtnl(,l]t ~nd Olhor ~Ke[l(,jc5 {)( tilt. fjxerutive Ijranch of the

(;overrtlt]erlt w(.rc IIotific(l w) thut nltil}l~inK authorities d nir
trtMrc ~,,lltrol nuthorjtiefi {Ifwl[l IW }ilvrted.

%nw t hww hIIve been JWIIW (,II OIUWSIt) dctaib over the yenra
0( tilt. t)r~~l~j~lltjljn~ L.o II{, f.rIII. J wil II sllf{.ty within thl, hint

Tunk 1,I)ILWLL t ht. fo[lowitl M dvmrillf 1(,(1 [ipplieo lJJJoint Tn~k
Vorw H (hut wjIIduc4td I)M. 1;JI;2 l’:IrIIIv trSIS.

Wvlltl),,r ~)ti.[li,tjorln wvtv IIIIIdI II id by the ‘@k F{lrce

N’CUIIIII (’1,1111 iIl ,i, I) IpW,Il 11[ XII} y iiIId Air F’ore@ rrletf$rd(~

Kl$l[n. 1!) O!+lfl.1 Ill illl:llyllllkf III( W;lttwf (hllJ4 MJld to j~lvdict
ut}wr IIXIIIIS 5111.JI IIS fiIllt)lil, IIIJI*I IInd tiwmnl etTw’(m, n
li:Ir.iIr(I\ Evl,l,lt,ti(,() t!llil IYII. I’,IrI,II.I II, ndviw the Jt,iul Tnnk
I“I,wI, I !IIIIIIIIIIIIII.l, 1111{1II I.: Sclrlllilil (VIIII*S’

Itii(ll.<l,fl,jri,l , ;Ift.(y Ilcttvilit,fi IIJ{ Ill W(,1 1$ Uulldut’lr’d Ily t!

5111,1,1;II 1,1111 Oj jc>ilfit “~u14k i {PfII. 8 ;III, I ,Ili -ii,. -s41 .$~ihil:$~ l~!”}

I.I:IIIIY l,, III(, 1’ ,~ I)lll,li( !III:II III }’I,l\lI’!,
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Alto@ther ~bOut” tto personnel were Ijtilizetl in .,~c~,iyities ‘“~, j{

devoted to srrf?ty. ,&
RedldagisalSu@toMe

:’:$,”-:,;;,:g:

RndloloticaltssfetY (Rad-Srife) WW+ II ~eP@@e Trwi’ Unit
‘-}, ‘X?

within the Joint Tusk Force orgaa]tizutivil.
. ::

RiMi.S*fU respulwi. .

bilities includ+ proctrrinK, sta’hur, and iswtin~ ~wd+rtfe,sup-,. :’ i
, plies ●nd equfprnent, hWtIWtIent t’ttaintenance, Issqwtc? and &~ ~ &
- processing of tilrnbadges, maintenance Of Personnel radiation w> ;;I,

exposure records~supervision of m~nit~ri ntr, de~rrntaminat ion,‘;’ ‘: ‘t
wasw diqxwal activities, imeumment and di~trlbutionof hi~h-[..’. :i$” .
density goatfimlnd other acth’itles ILSindica~ed by the poten. - Y
tial hazardo of the bltuntion.-lThe R~d”Sufe firanch contained :::
an ofi.site Surveillance Sectiqn. Personnel from this •o~tion” ~ ‘;~

$ participated in! monitoring at off-site populated islands in the
,## .

vicinity ‘of th? @t @rea and ~riodicaily collecmd wa~y, and :.
.’ food samples ;.$,.’. .,?> ,Z,L, ,, & ~.,’

. fi,,,
t

Airrrah’uardtedng“’
;g,;..,. .,~. ..’,+., ;’.,. ,., ,.,

,.~ .,

Aircraft we~ used to monitor the cloud of airborne radio-. ‘i
activity durmgearly times after detonation tmd to Wwkthe . . ~~
cloud parlodjcally over tI peri+,:of two or three cloys. “‘ >,,>

Srwhnmantal ~ .
%4 >:,$

During Gpcr@ion Dominic (19S2) there wr?re34 nuclear dE$G. : Y’”
nations above the Pacific ocean near Christmas and Johnston :’ .+A
Islands.: The expiosive yields of these devices ranged from low T
kiloton into th~ megaton ran~ in TNT equivalent, The height ~
of burzt for eaeb Mortation wc mrtlicient to negate iocai radio. . .,* ,<
active “faliout,;i The devices were delivered to the point of . q’;
detonation by either manned aircraft of by surface-to.rtir mis. ~
siles. In addition to the atmospheric tests, there wax one
underwater wet of Q iow yieid nuciew device detanat@ in the, . ~:’~,
Eastern Pacific Ocean several hundred miles from the’chwest ● ‘
land area. Essentially all the rwiionctive fissiun products

produced by this test were depoclted irr lhe ocean and wtrre soon
disperzed and diluted to concentrations which wore of no site.
nificant biologictti hazard to mm or marlnc life.

Ail nuclear events at Christmas Isiuntl were detonations
of devices reieased from manned uircrufl. These bursts w.
curred over water and were planned for execution under favor.
able atmospheric conditions to minimize the likelii~ood ~)f
contamhration of land surfaces, In tidrtition, following emit)
event, grrxmd and aerial monitors surveyed the island to de
termine whether any radiorictive rain-out occurred.

A Hazards Evaluation (Jnit coruposed of scientific personnel
of contractor iaborrrtories (1.awrenw Rudintiolt !,nborrttor},

46

.; KS ‘Alui@ Scientific I,uhoratury, Sandia Corporulioll) I(IId

.-+reproserr@tivea of the U.S. Weatiler Bureau WIIS (Jrwl Ilir. ed
%~~ wlvixe-the Communder of tile Joint Tusk Fmce UIIII (he

#cjentMc;f#puty. J’re+d)ot computtitionswere rondo fw U;IC}I
,detonnti~p, Thew cwnputmiona include 1!/ ond ?f !,.,ur
‘:trajector$forecasts barwd on winds from the wrrfacc to 10,OUO

&@. : A’s titled radiation excl~eion area wits then dIwl urud
#J.@ hrflq$ any possibie Iowrl faiiout. Daily roundings wvre

%adeto W@@ feet trivintr added hrformation that WaSi~t’lufui
jin correlating observed ciourl stabiiization”qnd rpovenl~n~ with
- redicte~ $ shot-time trajectvriec. ~Where applitwble, U1l~er,; ‘;P

, ., weaporw phenornonn wore vonsiderwi mtah aa blast lwtw~llrou,

“fl@ ~yible eye Wuriea from th? ~romitt thernlbl ru~l~~li~rl,’
~%Glopd’ trpeking aircraft nmd- @nd maintained contiwt for’
.:i&tV@ h?jms with the WioaCtiVe cloud f9W@r~ each cv;irit
:~nduc%,irt. the iwer atmosphere. Timeiy information 011
,:adoud IWJyOtWtIt,tQpand base altitudes wwe obtained for uKe of
..Ya@@wy~~porte reuardirrtr opening of commercial wir IIIJWS

,throughflr, near thd announced danger area. There WaK rio’
}evid@tW’”$hat an y commercial ●ircraft .ncttuntvred uIIY of
ftheae, radlcmctive ciouds. ‘“”. , ‘ ‘,

v

:.e :~ ““
,,

“’$
6 o17-@temonttorjng program during Operation Dun!Irl ic

jwaa wndsr:the cognizance of the U.S. Pubiic Heaith Service,
; USPHS parsonnei being eaeimted to JTF-8 during the ~Paru.,
;$lonal phaae. A radiological ●mveiiianco ~f a notwo~k of i ~
j ptonit@tg” watiorte wac maintained on ~puiated i$ll~ll~s

within a l?gltl miie radius of Christmm laiand. Air sumi!icn
::wer. ~coileotod on populated isiwtdm out to’ ●bout 1W} mi :v@
, frum the test zone. Ssrnpiemof soil, vegetation, fruits, w UI vr
-and marine life were coilected on the popuiated iainrrds (If thtt

m’wt’%cfore ‘tustlng begen and repeated #ampiing wos mwic
: tiftwthe tewhtg fierkrd to determkne whether chitntwu III the
‘J.vei ‘of radioactivity had occurred in the waa.
‘;’- TM 19 pwnpling utotions were divided into (1) Primol Y Htm-

tione, (8) aectmdary stations, and (8) background statirmrt, ‘f Ii@
prlmcry st@tions (Chrbtmao, Panning ●nd W’aehirttitotl ~ www
manned by U8PliS officers with equipment rnndwrmpiinx II vil-
rdques to document sit forms of envirorrmenta) radiom ! ivltyt

The secondary stations (Canton, Malderr, Penrhynflww/i Wvar
Palmyra, Midway, John~ton Iaienrl and French Fritrnto Shuko
were outalde the danger urea ●nd were deoigned to doru oi~nt
air concentration and external radiation background. ‘1’ttuna
stations were operated with the aasietancv of ‘i’auk Forw I’roj.
ect Groups and Weather (;roupo. Background otntion~ ‘III ‘i’u-
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tuihr, Rtrrotoftrrrs, Wake JSIJJINLKw@~l@in ~A@, TOntmtbu
and Vlti Levu were operatrd bY ~a-k k oree. prol~t ~rouwr or

‘;’ Weather Groups wtdon Nuku lllva ●ll’ Tuhiti kV French per.
‘ xonnel. The purpo$c’of the bark WufJd stations wus tO IJoeIJ-

‘-: munt externrd rrrdlatlorf bnrkvrround and ch~n~s in back.
. . ground levels if they occurred.
f.. A USFHS md-them Iaborsttory was twtnblished in Honoltj]u,

.;.. ]Jaw~\i to support the off.site rad-safe program. Fucilitiep,

.,.t+equlpmont and pereonnel were wtiiabie for ‘ra~ii~hemlcai
.:fi. artaiyfic of air, precipitation, WJJtSrt milk fw anti Boli, The
,“~-faejijty mmahw in fmeration as a part of a continuk pro.

‘Y gram%rf monitoring’several of the Hewaiian lsiarxis.

‘; .94a@enmenvol Menharfng
.,..

‘:’+
Thai bloenvimnmentai pro~rsm for OpWa@t: Dominic WJM

““‘under AEC twtilract’ witil tile University Of W’dtin@ofr,
.:.~Sesttle, Wash. A fhw report of thejr data is found in “Radio-
‘-~nucl]de 4.!mWnt of Ffrodstu4Ts Coliected at Christmas lsiand
~‘and st Other Islands of the Cmtrai Pacific Du~ng @eration
~Dominic, 19627 UWFL-4t7, by Raiph Paiumbo. ‘

Duting the period April 7 to July 29, 1062, colieetinns of fed.
:sttrt7~9 marine life inciuded, were made from tight ofi-site

--,,islands and Christmu Island to ascertain the radionuclide
eontent of the sampies collected. ]n addition to snrnp]es COI.

~”‘hretad by this group, USPHS offda monitors furnished Sam.
pies from areas not covered by the University of Washin~n

scientists. Approximately 8,000 srnmples were collected dur.
ing the time which covered pre.testhtg, testing and post-testing
periods. Part of these ssmples were scanned promw Iy for
radioactive content, however, a majority of thd samples were
returneti to the University of Waohing~n for complete
anal ysls.
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“ ‘:ttnu {nwhkh Or@quantity in $iu WY will -W to holf w ~ rwult Of bath
A’ mdioccuw dwsY ortdbktlockai domination.’

1A ‘Y: RodloaotWty prudttwd hr sortuin nrstwltil.
u ● msrtli $f nuclwr rcwtlotrs, pcrtkulwly tho WPIU?Cof Iwulrww, whleh

m.: src woqtnpwticd by $IM formuion of un~table (mdloactlve) nuclel, The
wtlvity hrdueed by neutrons from ● nuclemr (or ●tomk) wploclon In m~te.

n“ rids eont*inlng tlw●lwnenti codium, mat,ganew, nilicwr, m .Iumlnum may

kmrt.
SQUAftE LAW: The I*w which state- that when rwlihtlon Cher.

!“ mal or nuclcw) from ● point sourec k ●mittwd uniformly In ●il dirvrlmns,
the ●mount cwccivcd per unit ●rea ●t ●ny given di~lanrc from the m,urcr.,
●mumln# no abcorptio~ ir irrverccly proportiorml to tlw cquare of thst
distanw.

ISOTOPES: Forma of the came element ha vicrg kfenllr~l chvmlcal pru,,rrtmw
but ditYwlng In their atomic mccce~(dw 10 different numtrwc of rwutrmw
in thek rwspcctive nucld) aod in their nurlesr properties, e.g., rndionrti vity,

NERGY: ?h? enwyy of s rnwlesr (or stomic) taplodon whirh is

I nquiwlwtt to thst prodti by $hc ●spltmion O( I klioton (Le. 1,000 IOIISI of
4T.

JATON ENERGY: The ●ncryy of c nuvlasr (or ●tomir) caploa ion whIrh II

I equlvalwrt to 1 milllon tons (or 1,oOO kllolons) of TNT.
METABOLISM: The prococs in which the body brcmko duwn forln 11110u, Ml,lr

matendc that are taken into the CCIIB HI, (I manufnrt!or<.d intn Ii)? Ilvif)v tI~
sues of* body.

MICROCUft[E; A UII~ ll,,kw~h WI L of u Cuti.
MILIdftEM: A one.th~,uaandth rmrt uf ● rem.
hflL1.lftOENTf MN: A ww.thousandth part of c rm,lmw).
0VERf%E8SUitE: The trmsiont prcuure, tmmily rxprem,l) III pound$ per

cqttfww J’mh, “owwdiwt tile ●mbimrt p ifrsted II I III. uhuclt (or

blast) W*V* from ● vxplunion.
PlCOt7JRi& One millionth of n millionth # . cunr

ltAIX A unit uf ubwrbed duw of rdiatiuni M WIIreWIILn IIW w.,1 ,CtIOII d iw
erwc of Uuciepr (or ioniamu) r9distiu81 pm ~rwn of Iiw. abaorl,,t,r Ilb.tWIal M,.<,
tiwue.

I{ BE,(OR RELATIVR NltN.fNill%l, fWIU&lVVENEWti 1II{, ,#tit, af the
numberof rad~of trkmmv(w X.) rrdistkmof II cr~taln●t,k,,r?wivch will
prc@we ● #pccitlcd hiulw+.,1 ●tTeet 10 tbc number or rods IIf ,,!,uthrr ratiiw
lhq mqulred to prodwe the same effect h th? Rtlx of thin l~!(l!,rrmiintion.

REMf A unkof biolotcirtd thmcuf rwhnliocri the name i, derlvrtl /rum tho Initld
Icttelw of the term “rovnhwn *qulv*iwrt mm (or nmntmall” ‘1’he numbvr
of rwros of mdlsttort 16oftusl t9 the num~rof rwfo sbturbed nlui[ipiimt by tht
ltBk of tkwftivwr rsdiu$ion (fors cpvrilltd cflqct).

~EPf A unit # ●b@orbed IIOCCof radlsthrn now twintr replnc;Ii W (IIO wd; the
name WP IS dwivcd frImI the Initisl Itttrmof the lcrm “roel~lwu vquivalvnt
physical.: “Bpqlcoily, the wp was intend$d to cxprrm tlw CIIIIUII( of qnrrgy
●bwrbcd pm 7sm of .voft tkmm cc 9 mpuit of WXIJWWO II ) r,)myen Of
gwwmu (atx.)mdiation.

ttES~DENCE .IIALF.TlfdR: A! api)iied to dclayud fttlhwt, it III the tlmr r-
quked forth. wnount of wwpon dtbrts d$pwitcd iII n partivuldr part of the
s$mwphm~~.tw atosptm or tropfmphprn, w drtrwm to Mlf of Itu initial

VOIW!

KOENTGENL A writ of WPOCUNdow of twttmu (w X.I rsdll,ii,ll It is de.
find PWCIHI? osths qurnntltyof Kammo(or4.) radmtlon W1,II Ilmt the mm.
otwtod oorprqgrkw●mission per 0.C4MtlP# ram of alr produrer, In air, Iorw

IW;W orfPWIMWWttti~ unit quwrtity of dmtridty of ●ither aunt,
BTIWW~I A rb’istiwiy otsbic ismr of tho Mmoofvhu] c lwtwwm the

tmpopmmo@d ● hei#ht of ●boutW milw h rvhieh thw tami,crr.tur~ ohkngvs
vwy NM? flntpoiw wrd wmpemtc sonw) or incrmwrs (tn III ti Lnqh) wit}!
incmwhw Mtitudw. In the stratoapftcro@nul: of wutw II,.. ,,r furm snd
there b prao$lcolly no runvcrtlon.

TNT BQUlVAL6~, A mewure of tho wwrgy rel.mmd m WI, ,I,,ooatiwr of ●

twcakar (or ctomic) webprm, or In thv ●xpiwion of a XIVMI qu, III II> of tl~#iotI
●bk md.wricl, ●sprwwd In tvrm# of the w*i#hI of Tti T whu 1, . Ad ruieaw
tivawme ~unt of enr?Ky whm csldorted, The TN ~ equlvutr,!t is ummlly
stowd in klktww or msgstmvs.

TRITIUUt A mdtomrtive isotope of hydmgwr, hmvlng e mm:b ,,1 1 II IIIIN; w IS
twuducud In nuclenr rrwfors by the ILCWOIIof ncuwwle WI III I,,,,,, (Suciwi.

‘TROPOPAU8B The imsginwy boundary lsycr dlvidiw llIe SII uts BphWO ftum
the Iowcrpwtof thewmusphcre, the tcopwphore. 1 hc trol,t puuse wrma!ly

WOUrO M Wt OttltUd* of ●bout WI,000 to 44000 fcri In pOiIII UIII tsmpcmtr
ZOIIW, CA w 6&00fI feet in the tropirw

TROP08PHEBC; Tho re~imt of lhs atmoqrhm lmmrd!nlely 01 ~, r Ihr eurth’$
Burfwc ●nd up w tho tropopauw in wtuch ttw tcmpuraturc 11,11.fnlrlj regu
My with Irtomwlng ●ltitude, ciouds form, oorvverllol, ia WI I,! nnd ndsin~
It wntintmw srrd more or icso complete.

WEA[WN DEBRIO TIM hithly rodwsctlve mswrici, comsi, tit,, ,.r rIs)lwI pfml
uct@, vnrlow prodw18 of nentron c~pturv, ●nd ural,l!o!!) tmII 1 fiI.>III, I In I hut
hwe ●eeti Qminntt,. mnirdn~ ~fter thevxplov{[w

h I
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